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ABSTRACT

Western Tennessee is an important area for non-breeding waterfowl in the Mississippi Flyway,
including over 40% of the Mississippi Flyway population of American black ducks (Anas
rubripes, hereafter black ducks), a species in decline. Information is lacking on waterfowl
community ecology in the region, and managers must identify key habitats and consider
functional use and potential predictors of resource use by non-breeding communities. Impacts of
wetland management practices, such as moist-soil disking and subsequent planting of desirable
grasses (i.e., Japanese millet [Echinochloa frumentacea], hereafter millet), must also be tested
relative to impacts on waterfowl use and habitat quality. During winters 2011–2013
(November–February), I estimated food densities, diurnal habitat use, activities, and potential
predictors of use of dabbling ducks (Anatini) at the Duck River Unit of Tennessee National
Wildlife Refuge and Cross Creeks National Wildlife Refuge in western Tennessee, and I
interpreted patterns relative to black ducks observed in concurrent studies (Chapter II). I also
estimated autumn vegetation response, dabbling duck use and activities, and food densities in
moist-soil wetland plots disked and planted with millet (Chapter III). Dabbling ducks primarily
used moist-soil areas, and foraging was the dominant activity. Mudflats and scrub-shrub areas
were also used as foraging areas. Habitat use was positively correlated with increasing emergent
cover and energetic carrying capacity and was negatively correlated with increasing water depth.
Black ducks occurred with other Anatini species in each habitat type, especially in moist-soil and
scrub-shrub areas. Food densities were initially greatest in moist-soil areas, but foods declined
rapidly. Vegetation was taller and percent cover of desirable species greater in un-manipulated
than disked wetland plots, but duck use and food densities did not differ between treatments.
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Foraging was more frequently observed in disked than un-manipulated plots. Disking and millet
planting did not improve wetland use by black ducks. My results suggest that managers should
provide a complex of natural wetland types to accommodate non-breeding dabbling duck
communities in western Tennessee. Disking and millet planting should not be used to improve
moist-soil wetlands for black ducks, and other wetland manipulation techniques should be
investigated.
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CHAPTER I: INTRODUCTION
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Wetlands are one of the world’s most important ecosystems, yet global wetlands are declining at
increasing rates (Mitsch and Gosselink 2007, Gray et al. 2013). North America has lost approx.
40% of its original wetlands due to urbanization, agricultural expansion, and large-scale
hydrological alterations (U.S. Fish and Wildlife Service [USFWS] 2014). With such significant
losses in wetland areas come concurrent losses in their essential ecosystem services such as
carbon sequestration, flood and hurricane remediation, and natural filtration of water resources
(Mitsch and Gosselink 2007). Reductions in wetland area also cause declines in their associated
biota, many of which are unique or wetland obligates, including amphibians, aquatic
invertebrates, and wetland-dependent birds such as waterfowl (Mitsch and Gosselink 2007).
Waterfowl (family Anatidae) are one of the world’s most heavily studied vertebrate taxa
and occur in every continent except Antarctica (Baldassarre and Bolen 2006, O’Neal et al. 2012).
Waterfowl are closely tied to wetland systems and are excellent indicators of ecosystem health in
areas where populations are historically abundant (Canadian Fish and Wildlife Service 1986).
The long-held tradition of waterfowl hunting generates billions of dollars in conservation funds
generated by licenses and fees, excise taxes on firearms and ammunition via the PittmanRobertson Act, and substantial member donations to non-profit organizations (Baldassarre and
Bolen 2006). Thus, waterfowl play an important role in their associated habitats and for human
society at-large.
Waterfowl have been historically hunted for food and clothing in North America.
Extensive habitat loss caused severe declines in waterfowl populations, and some species such as
the American wood duck (Aix sponsa) were brought to near extinction (Bellrose 1980,
Baldassarre 2014). Further losses were stemmed and restoration effected by landmark
legislation such as the Lacey Act, Migratory Bird Treaty Act and Migratory Bird Hunting Stamp
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(or “duck stamp”) Act, along with diligent yet diplomatic efforts of concerned sportsmen and
other conservationists (Bolen 2000, Baldassarre and Bolen 2006). Thus, a strong legislative
stewardship program was established to ensure the future of waterfowl and maintain the heritage
of sustainable waterfowl hunting in the United States.
In the late 1980s, prolonged draughts negatively influenced waterfowl populations across
the Great Plains and Canada (Canadian Fish and Wildlife Service 1986). Given the awareness of
waterfowl population declines and the understanding that managing continental populations of
migratory species requires coordinated efforts across large geographic scales, the North
American Waterfowl Management Plan (NAWMP) was formed in 1986 (Canadian Fish and
Wildlife Service 1986, NAWMP 2012). The primary goal of the NAWMP was to encourage an
international conservation program across the United States, Canada, and Mexico for waterfowl
and associated habitats. Today, the NAWMP plays a vital role with other legislation such as the
North American Wetland Conservation Act and governmental/private easement programs (e.g.,
U.S. Department of Agriculture Wetlands Reserve Program) to form a multi-faceted
conservation framework (Schultz 1990, Graziano and Cross 1993).
The NAWMP has resulted in the conservation and improved management of wetlands
throughout North America (NAWMP 2012). The NAWMP is administered through a collection
of Joint Ventures (JV) that develop conservation partnerships and scientifically-informed
strategies and priorities to help restore and maintain waterfowl populations and habitats
(Graziano and Cross 1993, Humburg and Anderson 2014). Many JVs have stewardship over
specific geographic regions while others focus on taxa of conservation interest or concern
(Graziano and Cross 1993). As of 2012, the collaborative efforts of JVs and a host of partners
have helped conserve and restore 6.3 million hectares of wetlands and other habitats important to
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waterfowl and other waterbirds. The NAWMP and its partners have also helped re-define public
policy and land-use practices through active involvement with government agencies (NAWMP
2012). Thus, the NAWMP serves as the cornerstone for waterfowl conservation in North
America.
One of the primary goals of the NAWMP is to identify and understand factors that limit
waterfowl production throughout their annual cycle (Brasher et al. 2007, NAWMP 2012). Until
the mid-1980s, research focused primarily on events and outcomes associated with the breeding
season (Weller and Batt 1988, Batt et al. 1992). In 1985, a milestone symposium on the ecology
and management of wintering waterfowl was convened in Galveston, Texas (Weller 1988). The
symposium was held because of increasing evidence that annual cycle events, including habitat
conditions during the non-breeding season (fall migration and winter), seemingly influenced
breeding waterfowl (Heitmeyer and Fredrickson 1981, Kaminski and Gluesing 1987). Although
outcomes and events during the breeding season indeed play a fundamental role in waterfowl
population dynamics (Hoekman et al. 2002), events outside the breeding season such as
courtship and body condition are also important (Jeske et al. 1994, Devries et al. 2008). A sound
understanding of fall and winter ecology leads to more effective, annual cycle-based
conservation (Weller and Batt 1988, NAWMP 2012).
Management of non-breeding waterfowl is challenging because managers must
accommodate multiple co-existing species with varying and often asynchronous life history
requirements (Fredrickson and Taylor 1982, Fredrickson and Reid 1988, Weller and Batt 1988).
Effective community-based management must address a complex of suitable habitats for
waterfowl during migration and winter (Reid et al. 1989, Strickland et al. 2009, Pearse et al.
2012, Gray et al. 2013). Diets and nutritional requirements often deviate from that of the
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breeding season (Byrd 1991, Baldassarre and Bolen 2006). Therefore, wetland complexes are
necessary to provide a variety of resources and meet individual species’ needs (Reinecke et al.
1989, Pearse et al. 2012, Gray et al. 2013). Paramount to effective conservation is for managers
and scientists to understand habitat selection of waterfowl species at multiple geographic scales
(Pearse et al. 2012). Likewise, waterfowl professionals must also understand the potential life
history functions of selected or commonly used habitats. Such understanding helps develop
conservation strategies relative to specific life history needs, which is more efficient and
beneficial to waterfowl (Fredrickson and Reid 1988, Paulus 1988, Pederson et al. 1988, Stewart
et al. 1988).
Seasonal wetland or moist-soil management involves temporarily flooding and dewatering impounded wetland areas to produce early-succession habitat and natural foods for
waterfowl (Fredrickson and Taylor 1982, Strader and Stinson 2005). As moist-soil
impoundments are flooded and de-watered annually, plant communities transition from annual
species to perennials, many of which are not deemed desirable for waterfowl, depending on
management objectives (Fredrickson and Taylor 1982). Managers regularly disturb plant
communities in moist-soil impoundments to set back succession and increase food production for
waterfowl (Strader and Stinson 2005, Hagy and Kaminski 2012, Gray et al. 2013). Such
practices include burning, mowing, tilling, or disking in summer or fall (Gray et al. 1999, Hagy
and Kaminski 2012, Gray et al. 2013). In cases where disking is used, managers may sometimes
plant desirable grasses to supplement food abundance on newly disked sites in autumn–winter
following disking (Strader and Stinson 2005). Japanese millet (Echinochloa frumentacea,
hereafter millet) is commonly used because it has high true metabolizable energy, is readily
consumed by waterfowl, and is adapted to moist conditions (Mitchell 1989, Sheahan 2014).
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Moist-soil management and regular wetland manipulation are commonly used throughout
the southeastern United States and elsewhere. Gray et al. (1999) and Hagy and Kaminski (2012)
did intensive studies on the impacts of disking and other manipulation techniques on nonbreeding waterfowl and their common foods (seeds, tubers, and aquatic macroinvertebrates) in
the Mississippi Alluvial Valley (MAV), and Naylor (2002) also did similar work in the Central
Valley of California. Likewise, Brasher et al. (2007) reported values of foods in managed
wetlands in Ohio. However, research is lacking on waterfowl use and habitat quality relative to
disking combined with millet planting.
The American black duck (Anas rubripes) was once one of the most abundant waterfowl
species in North America, but populations have declined drastically since the 1950s (Morton et
al. 1989, Conroy et al. 2002, Eichholz et al. 2009). There are various hypotheses for black duck
declines including loss/reduction of habitats, competition and interbreeding with mallards (Anas
platyrhynchos), and additive mortality from hunting or environmental contaminants (Conroy et
al. 2002, Austin et al. 2014). The Black Duck Joint Venture (BDJV) has emphasized the
importance of evaluating traditional management techniques on black duck habitat use (BDJV
2008). The effects of common moist-soil management techniques, such as disking and millet
planting, remain unknown relative to black ducks. Such information may help the BDJV
understand ways to mitigate black duck habitat loss and increase habitat carrying capacity
throughout the species’ range (BDJV 2008, Austin et al. 2014).
The Mississippi Flyway is one of the most important migratory pathways for North
American waterfowl across their annual cycle (Davis et al. 2014). The Mississippi Flyway is the
primary wintering and migration region for North American populations of mallards
(Baldassarre 2014, Davis et al. 2014), and the region winters a unique population of American
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black ducks (Reid et al. 1989, USFWS 2010b, Lavretsky et al. 2014). However, the region (i.e.,
MAV) has lost a large portion of its once abundant wetland habitats, including bottomland
hardwood forests, scrub-shrub wetlands, and emergent palustrine marshes. Many wetland
habitats in the Lower MAV have been drained for agricultural production, or their functions
negatively affected due to channelization and damming of several major river systems (Reid et
al. 1989, Reinecke et al. 1989, USFWS 2010a, b). Thus, the Lower MAV has become a highpriority region for waterfowl conservation and wetland restoration efforts in North America.
Western Tennessee is a historically important region for non-breeding waterfowl in the
Mississippi Flyway (Bellrose 1980, Reid et al. 1989, Baldassarre 2014). The region contains
portions of the Lower MAV and the Tennessee River Valley, each of which are important
watersheds for non-breeding waterfowl (Reid et al. 1989, Wirwa 2009). Western Tennessee is
also a historical non-breeding area for over 40% of the Mississippi Flyway’s black duck
population (Reid et al. 1989, Sanders et al. 1995, USFWS 2009, 2010a, b). However, extensive
damming and reservoir creation have drastically changed historic habitat availability and
structure for migratory and resident waterbirds in western Tennessee (Johnson 2007, USFWS
2010a, Minser et al. 2011). Public services (i.e., hydroelectric power) and recreation, including
an ever-increasing presence of waterfowl hunting clubs, have become an important yet dominant
focus for many public and private areas in the region (USFWS 2009, 2010a). Given the
importance of this region to waterfowl in North America, including black ducks in the
Mississippi Flyway, information is needed on general habitat use and the effects of common
management techniques (e.g., disking followed by millet planting). Understanding how
waterfowl species that co-exist with black ducks during winter use various habitats and respond
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to wetland management techniques is fundamental to identifying potential occurrences of
interspecific competition.
The primary objectives of my study were (1) to investigate habitat use, activities, and
possible predictors of habitat use among non-breeding waterfowl, specifically dabbling ducks
(Anatini), in western Tennessee (Chapter II), and relate patterns with those of black ducks which
were observed in concurrent studies (Newcomb 2014, J. M. Osborn, University of Tennessee,
unpublished data), and (2) to test the impacts of disking and subsequent millet planting on
dabbling duck use (especially black ducks), food densities, and plant community characteristics
(Chapter III). This information will promote greater understanding among habitat managers and
JVs relative to factors that may limit non-breeding waterfowl populations in western Tennessee
and perhaps elsewhere in the Mississippi Flyway. Also, results from this study will inform
managers and JVs of the effects of common moist-soil management techniques on dabbling
ducks, including black ducks. Thus, my results will help improve wetland management and
conservation priorities in non-breeding areas of waterfowl in the interior United States, and
thereby contribute to the objectives of NAWMP.

8

LITERATURE CITED

9

Austin, J., S. Slattery, and R. G. Clark. 2014. Waterfowl populations of conservation concern:
learning from diverse challenges, models and conservation strategies. Wildfowl (Special
Issue No. 4):470–497.
Baldassarre, G. A. 2014. Ducks, geese, and swans of North America. Johns Hopkins University
Press, Baltimore, Maryland, USA.
Baldassarre, G. A., and E. G. Bolen. 2006. Waterfowl ecology and management. Second edition.
Krieger Publishing Company, Malabar, Florida, USA.
Batt, B. J., A. D. Afton, M. G. Anderson, C. D. Ankney, D. H. Johnson, J. A. Kadlec, and G. L.
Krapu, editors. 1992. Ecology and management of breeding waterfowl. University of
Minnesota Press, Minneapolis, USA.
Bellrose, F. C. 1980. Ducks, geese, and swans of North America. Third edition. Stackpole
Books, Harrisburg, Pennsylvania, USA.
Black Duck Joint Venture Management Board (BDJV). 2008. Black Duck Joint Venture
strategic plan 2008–2013. U.S. Fish and Wildlife Service, Laurel, Maryland, USA;
Canadian Wildlife Service, Ottowa, Ontario, Canada.
Bolen, E. G. 2000. Waterfowl management: yesterday and tomorrow. Journal of Wildlife
Management 64:323–335.
Brasher, M. G., J. D. Steckel, and R. J. Gates. 2007. Energetic carrying capacity of actively and
passively managed wetlands for migrating ducks in Ohio. Journal of Wildlife
Management 71:2532–2541.
Byrd, V. E. 1991. Food habits of black ducks wintering in west-central Tennessee. Thesis,
Tennessee Technological University, Cookeville, USA.
Canadian Wildlife Service and U.S. Fish and Wildlife Service. 1986. North American waterfowl

10

management plan. Canadian Wildlife Service and U.S. Fish and Wildlife Service.
Washington, D.C., USA.
Conroy, M. J., M. W. Miller, and J. E. Hines. 2002. Identification and synthetic modeling of
factors affecting American black duck populations. Wildlife Monographs No. 150.
Davis, J. B., M. Guillemain, R. M. Kaminski, C. Arzel, J. M. Eadie, and E. C. Rees. 2014.
Habitat and resource use by waterfowl in the northern hemisphere in autumn and winter.
Wildfowl (Special Issue No. 4):17–69.
Devries, J. H., R. W. Brook, D. W. Howerter, and M. G. Anderson. 2008. Effects of spring body
condition and age on reproduction in mallards (Anas platyrhynchos). The Auk 125:618–
628.
Eichholz, M., T. Yerkes, and B. Lewis. 2009. Determining food resources and estimating habitat
carrying capacity for wintering and spring-staging American black ducks in the
Chesapeake Bay of VA. Annual report to the Black Duck Joint Venture. Southern Illinois
University, Carbondale, USA.
Fredrickson, L. H., and F. A. Reid. 1988. Waterfowl use of wetland complexes. Leaflet 13.2.1 in
D. H. Cross, editor. Waterfowl management handbook. U.S. Fish and Wildlife Service,
Washington, D.C., USA.
Fredrickson, L. H., and T. S. Taylor. 1982. Management of seasonally flooded impoundments
for wildlife. U.S. Fish and Wildlife Service, Natural resource publication 148,
Washington, D.C., USA.
Gray, M. J., H. M. Hagy, J. A. Nyman, and J. D. Stafford. 2013. Management of wetlands for
wildlife. Pages 121-180 in J. T. Anderson and C. A. Davis, editors. Wetland Techniques,
Volume 3. Springer, Secaucus, New Jersey, USA.

11

Gray, M. J., R. M. Kaminski, G. Weerakkody, B. D. Leopold, and K. C. Jensen. 1999. Aquatic
invertebrate and plant responses following mechanical manipulations of moist-soil
habitat. Wildlife Society Bulletin 27:770–779.
Graziano, A. V., and D. H. Cross. 1993. The North American Waterfowl Management Plan: a
new approach to wetland conservation. U.S. Fish and Wildlife Service Leaflet 13.2.2.
U.S. Fish and Wildlife Service, Washington, D.C., USA.
Hagy, H. M., and R. M. Kaminski. 2012. Winter food and waterfowl dynamics in managed
moist-soil wetlands of the Mississippi Alluvial Valley. Wildlife Society Bulletin 36:In
Press.
Heitmeyer, M., and L. H. Fredrickson. 1981. Do wetland conditions in the Mississippi Delta
hardwoods influence mallard recruitment? Transactions of the North American Wildlife
and Natural Resources Conferences 46:44–57.
Hoekman, S. T., L. S. Mills, D. W. Howerter, J. H. Devries, and I. J. Ball. 2002. Sensitivity
analyses of the life cycle of midcontinent mallards. Journal of Wildlife Management
66:883–901.
Humburg, D. D., and M. G. Anderson. 2014. Implementing the 2012 North American Waterfowl
Management Plan: people conserving waterfowl and wetlands. Wildfowl (Special Issue
No. 4):329–342.
Jeske, C. W., M. R. Szymezak, D. R. Anderson, J. K. Ringelman, and J. A. Armstrong. 1994.
Relationship of body condition to survival of mallards in San Luis Valley, Colorado.
Journal of Wildlife Management 58:787–793.
Johnson, J. W. 2007. Rivers under siege: the troubled saga of West Tennessee’s wetlands.
University of Tennessee Press, Knoxville, USA.

12

Kaminski, R. M., and E. A. Gluesing. 1987. Density- and habitat-related recruitment in mallards.
Journal of Wildlife Management 51:141–148.
Lavretsky, P., J. H. Miller, V. Bahn, and J. L. Peters. 2014. Exploring fall migratory patterns of
American black ducks using eight decades of band-recovery data. Journal of Wildlife
Management 78:997–1004.
Minser, W. G., M. G. Gray, J. W. Laux, and D. W. Wirwa. 2011. The value of transient mud:
how Tennessee Valley mudflats benefit migratory birds. Wildlife Professional. Spring:
35–37.
Mitchell, W. A. 1989. Japanese millet (Echinochloa crusgalli var. frumentacea). U.S. Army
Corps of Engineers wildlife resources management manual section 7.1.6. Department of
the Army, Vicksburg, Mississippi, USA.
Mitsch, W. J., and J. G. Gosselink. 2007. Wetlands. Fourth edition. John Wiley and Sons, Inc.,
Hoboken, New Jersey, USA.
Morton, J. M., R. L. Kirkpatrick, M. R. Vaughan, and D. F Stauffer. 1989. Habitat use and
movements of American black ducks in winter. Journal of Wildlife Management 53:
390–400.
Naylor, L. W. 2002. Evaluating moist-soil seed production and management in Central Valley
wetlands to determine habitat needs for waterfowl. Thesis. University of California,
Davis, California, USA.
Newcomb, K. C. 2014. Survival and habitat selection of American black ducks in Tennessee.
Thesis, Mississippi State University, Mississippi State, USA.
North American Waterfowl Management Plan (NAWMP). 2012. North American waterfowl
Management Plan 2012: people conserving waterfowl and wetlands.

13

<http://static.nawmprevision.org/sites/default/files/NAWMP-Plan-EN-may23.pdf>.
Accessed 5 July 2012.
O’Neal, B. J., J. D. Stafford, and R. P. Larkin. 2012. Stopover duration of fall-migrating
dabbling ducks. Journal of Wildlife Management 76:285–293.
Paulus, S. L. 1988. Time-activity budgets of non-breeding Anatidae: a review. Pages 135–152 in
M. W. Weller, editor. Waterfowl in winter. University of Minnesota Press, Minneapolis,
Minnesota, USA.
Pearse, A. T., R. M. Kaminski, K. J. Reinecke, and S. J. Dinsmore. 2012. Local and landscape
associations between wintering dabbling ducks and wetland complexes in Mississippi.
Wetlands 32:852–862.
Pedderson, R. L., R. H. Chabreck, D. P. Connelly, L. H. Fredrickson, and H. R. Murkin. 1988.
Workshop summary: habitat management in winter. Pages 459–466 in M. W. Weller,
editor. Waterfowl in winter. University of Minnesota Press, Minneapolis, Minnesota,
USA.
Reid, F. A., J. Kelley, Jr., T. S. Taylor, and L. H. Fredrickson. 1989. Upper Mississippi Valley
wetlands–refuges and moist-soil impoundments. Pages 181–202 in L. M. Smith, R. L.
Pederson, and R. M. Kaminski, editors. Habitat management for migrating and wintering
waterfowl in North America. Texas Tech University Press, Lubbock, USA.
Reinecke, K. J., R. M. Kaminski, D. J. Moorhead, J. D. Hodges, and J. R. Nassar. 1989.
Mississippi Alluvial Valley. Pages 203–247 in L. M. Smith, R. L. Pederson, and R. M.
Kaminski, editors. Habitat management for migrating and wintering waterfowl in North
America. Texas Tech University Press, Lubbock, USA.

14

Sanders, M. A., D. L. Combs, M. J. Conroy, and J. F. Hopper. 1995. Distribution patterns of
American black ducks wintering in Tennessee. Proceedings of the Southeastern
Association of Fish and Wildlife Agencies 49:607–617.
Schultz, R. D. 1990. Economic and legal incentives for waterfowl management on private lands.
U.S. Fish and Wildlife Service Leaflet 13.4.2. U.S. Fish and Wildlife Service,
Washington, D.C., USA.
Sheahan, C. M. 2014. Japanese millet (Echinochloa esculenta). USDA-Natural Resources
Conservation Service, Cape May Plant Materials Center, Cape May, New Jersey, USA.
Stewart, R. E., G. K. Krapu, Jr., B. Conant, H. F. Percival, and D. L. Hall. 1988. Workshop
summary: habitat loss and its effects on waterfowl. Pages 613–617 in M. W. Weller,
editor. Waterfowl in winter. University of Minnesota Press, Minneapolis, Minnesota,
USA.
Strader, R. W., and P. H. Stinson. 2005. Moist-soil management guidelines for the U.S. Fish and
Wildlife Service Southeast Region. U.S. Fish and Wildlife Service Division of Migratory
Birds, Migratory Bird Field Office, Jackson, Mississippi, USA.
Strickland, B. K., R. M .Kaminski, K. Nelms, A. Tullos, and A. W. Ezell. 2009. Waterfowl
habitat management handbook for the Lower Mississippi River Valley. Mississippi State
University Extension Service Publication 1864, Mississippi State, USA.
U.S. Fish and Wildlife Service (USFWS). 2009. Cross Creeks National Wildlife Refuge
comprehensive management plan. Atlanta, Georgia, USA.
U.S. Fish and Wildlife Service (USFWS). 2010a. Tennessee National Wildlife Refuge
comprehensive management plan. Atlanta, Georgia, USA.

15

U.S. Fish and Wildlife Service (USFWS). 2010b. Tennessee National Wildlife Refuge:
waterfowl management.
<http://www.fws.gov/tennesseerefuge/WaterfowlManagement.htm>. Accessed 29 Aug
2011.
U.S. Fish and Wildlife Service (USFWS). 2014. Ecological Services: National Wetland
Inventory. <www.fws.gov/wetlands/>. Accessed 22 Dec 2014.
Weller, M. W., and B. D. Batt. 1988. Waterfowl in winter: past, present, and future. Pages 3–8 in
M. W. Weller, editor. Waterfowl in winter. University of Minnesota Press, Minneapolis,
Minnesota, USA.
Weller, M. W., editor. 1988. Waterfowl in winter. University of Minnesota Press, Minneapolis,
Minnesota, USA.
Wirwa, D. W. 2009. Waterbird use of Kentucky Reservoir mudflats. Thesis, The University of
Tennessee, Knoxville, Tennessee, USA.

16

CHAPTER II: HABITAT USE AND ACTIVITIES OF NON-BREEDING DABBLING
DUCKS IN WESTERN TENNESSEE
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ABSTRACT
Western Tennessee is an important region for non-breeding waterfowl, including >40% of the
Mississippi Flyway population of American black ducks (Anas rubripes), a species in decline.
Understanding habitat use and activities of waterfowl has important management implications. I
initiated a study from November 2011 and 2012 through February 2012 and 2013 to investigate
diurnal habitat use and activities of dabbling ducks (Anatini) among six common habitat types at
the Duck River Unit of Tennessee National Wildlife Refuge and Cross Creeks National Wildlife
Refuge in western Tennessee and to relate use patterns with those of non-breeding black ducks
investigated in concurrent studies. I also investigated habitat use relative to emergent cover,
water depth, and energetic carrying capacity (Duck Energy Days [DED]). Habitat use of
mallards (Anas platyrhynchos), gadwalls (Anas strepera), northern pintails, (Anas acuta), and
American green-winged teal (Anas carolinensis) was greatest in moist-soil areas. Gadwalls also
used deep-water zones with submerged aquatic vegetation (SAV), and green-winged teal also
used scrub-shrub areas. Foraging was the dominant activity of dabbling ducks in moist-soil
areas, on mudflats and in scrub-shrub areas among green-winged teal, and in scrub-shrub areas
among gadwalls. Resting was frequent among mallards in scrub-shrub areas. Black duck use
overlapped with all species in scrub-shrub, moist-soil, and on mudflats. Large areas of open
water were avoided by dabbling ducks. Habitat use was negatively correlated with increasing
water depth and positively correlated with increasing emergent cover and DEDs. My results
indicate the importance of habitat complexes that contain natural wetlands to meet critical needs
of non-breeding waterfowl in western Tennessee. Provision of high-quality moist-soil and
scrub-shrub areas with shallow flooding and dense emergent cover seem favorable for meeting
life history needs of several co-existing species during winter, including black ducks. Future
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research needs to address potential competition between black ducks and other Anatini species,
possible competition and interbreeding with mallards in scrub-shrub areas, and the roles of
disturbance and landscape factors such as wetland availability on non-breeding habitat use of
waterfowl in western Tennessee.

INTRODUCTION
Since the early 1980s, increased emphasis has been given to ecology of non-breeding waterfowl
in North America (Weller and Batt 1988, Reinecke et al. 1989). Prior to some novel discoveries
linking winter conditions to subsequent recruitment in mallards (Heitmeyer and Fredrickson
1981, Kaminski and Gluesing 1987), it had been long-held that events and conditions during the
breeding season primarily influenced waterfowl population trajectories (Weller 1988,
Baldassarre and Bolen 2006). Although breeding season success of North American ducks is a
critical component of recruitment (Hoekman et al. 2002), events and habitats in migration and
wintering areas can influence success of breeding waterfowl (Brodsky and Weatherhead 1985,
Kaminski and Gluesing 1987, Jeske et al. 1994, Devries et al. 2008).
The North American Waterfowl Management Plan (NAWMP) was created in 1986 and is
considered one of the most comprehensive wildlife management plans (NAWMP 2012). The
NAWMP is implemented through Joint Ventures (JV), which are regional partnerships among
government and non-government natural resource organizations with a common conservation
goal. Providing quality habitat for waterfowl is a major goal of several JVs (e.g., Lower
Mississippi Valley Joint Venture). Habitat management for non-breeding waterfowl is
challenging because birds typically occur in flocks and abundant numbers of birds require
adequate food, species have different life history needs, and birds arrive and depart migration
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and winter habitats at variable times (Fredrickson and Taylor 1982, Fredrickson and Reid 1988).
Wetland complexes may be most desirable in providing adequate resources for non-breeding
waterfowl communities (Reinecke et al. 1989, Pearse et al. 2012, Beatty et al. 2014b). Effective
management should seek to address habitat use patterns and life histories of waterfowl at
ecologically relevant scales of time and space (Johnson 1980, Beatty et al. 2014b, Kaminski and
Elmberg 2014).
Western Tennessee is an important stopover and wintering area for waterfowl in the
Mississippi Flyway (Bellrose 1980, Baldassarre 2014). However, like elsewhere in midcontinent
North America, much of the region’s historic waterfowl habitat has been lost or degraded with
agricultural and urban expansion and major river channel modifications (Johnson 2007, U.S.
Fish and Wildlife Service [USFWS] 2010a). Western Tennessee is also an important wintering
area for the Mississippi Flyway population of American black ducks (Anas rubripes, hereafter
black duck), a species in decline (Sanders et al. 1995, Conroy et al. 2002, USFWS 2009, 2010a,
b). Several studies have investigated non-breeding black duck ecology in western Tennessee
(Byrd 1991, White et al. 1993, Chipley 1995, Sanders et al. 1995, Clark 1996, Newcomb 2014).
However, these studies did not compare use patterns of other waterfowl species other than
mallards (Anas platyrhynchos), which can co-exist and potentially compete with black ducks.
Wirwa (2009) reported that black ducks frequently co-occurred with other waterfowl species,
primarily other dabbling ducks (Anatini), on mudflats in western Tennessee. Thus, effective
management of non-breeding black ducks must consider habitat use of other dabbling ducks.
The main objective of this study was to investigate habitat use and activities of dabbling
ducks other than black ducks in western Tennessee, and to interpret patterns of use and activities
with those of black ducks which were being studied concurrently. I also investigated trends in
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food density among habitats and dabbling duck associations with factors that could be
influencing habitat use. Results from my study, in combination with those focusing on black
ducks, will contribute to habitat management and conservation in non-breeding habitats of black
ducks and other dabbling ducks in the Mississippi Flyway and elsewhere in the interior United
States, hence contributing to the objectives of the NAWMP.

STUDY AREAS
I performed this study at the Duck River Unit of Tennessee National Wildlife Refuge (TNWR)
and Cross Creeks National Wildlife Refuge (CCNWR) in western Tennessee from late
November 2011 and 2012 through late February 2012 and 2013 (Figure 3.1). Both refuges and
adjacent regions support thousands of migrating and wintering ducks annually. The refuges are
also historic non-breeding areas for the Mississippi Flyway’s black duck population (Sanders et
al. 1995), and habitat management for non-breeding black ducks is a focal priority. The Duck
River Unit of TNWR is approximately 10,820 ha and located at the confluence of the Tennessee
and Duck Rivers in eastern Benton and western Humphreys Counties, Tennessee. The CCNWR
is approximately 3,586 ha and borders the main canal of the Cumberland River in Stewart
County, Tennessee. Both refuges are managed as waterbird sanctuaries and waterfowl hunting is
prohibited with the exception of a limited-access resident goose season in early September.
Management of TNWR and CCNWR focuses on moist-soil wetlands, agricultural grains (corn,
soybeans, winter wheat, milo, millets), and natural habitats associated with riverine systems (i.e.,
mudflats, open water, and submerged aquatic vegetation; USFWS 2009, 2010a). Each refuge
consists of leveed impoundments that are gradually inundated in fall and winter as waterbirds
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arrive. Impoundments are flooded via pumping, gravity flow through water control structures,
and accumulation of precipitation.

METHODS
Experimental Design
Prior to each field season, I established two to four replicates (hereafter sites) of six habitat types
commonly used by waterfowl on each refuge; however, the number of sites surveyed varied
depending on flooding schedules and accessibility to observers (Table 3.1). I categorized
habitats as moist-soil areas, un-harvested corn that was subsequently knocked down and flooded
(hereafter flooded corn), exposed and shallowly flooded mudflats without vegetation, submerged
aquatic vegetation (SAV), large areas of deep open water (>45 cm) without vegetation, and
narrow (< 100 m wide) but open wetlands surrounded by scrub-shrub vegetation as defined by
Cowardin et al. (1979, hereafter scrub-shrub areas; Table 1.1). I established moist-soil, scrubshrub, and flooded corn sites in managed and unmanaged areas within refuge impoundments.
Mudflats occurred along the confluence of the Duck, Tennessee, and Cumberland Rivers. Open
water and SAV sites occurred within impoundments and along river channels. I separated sites
by >200 m to ensure spatial independence (Kaminski et al. 1993). Although sites varied in size
(Table 3.1), sites were at least 0.5 ha to meet suggested minimum patch size for mallards (Anas
platyrhynchos) in the Mississippi Alluvial Valley (MAV; Kaminski et al. 1993).
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Waterfowl Habitat Use and Activities
Field Methods
Prior to each field season, I placed white PVC markers at 100 m and 200 m from the observation
blind within each site to aid in waterfowl surveys (Buckland et al. 2001). In open water and
other sites where I could not place distance markers, I used the estimated distance of fixed
objects with a Bushnell® Scout™ 1000 Arc™ rangefinder (Bushnell Outdoor Products, Overland
Park, Kansas City, MO; Buckland et al. 2001, Bolduc and Afton 2004). When sites were >60%
flooded, I systematically measured average water depth among 20–30 locations along 1–2
random transects, and I erected a fixed depth gauge so that average depth could be recorded
during surveys without disturbing waterfowl (Hagy and Kaminski 2012b). I also placed depth
gauges in SAV sites, although these areas were usually >45 cm deep prior to field sampling. I
was unable to erect water gauges in open water and mudflat sites because of deep or fluctuating
water levels in riverine areas.
I enumerated dabbling ducks by species in habitat sites weekly from camouflaged tree
stands or ground blinds during early December through late February of each winter, and I
conducted surveys from sunrise to <5 hours thereafter (Wirwa 2009). I surveyed sites along predetermined daily routes that rotated weekly among observers. I did not conduct evening or
nocturnal sampling. I surveyed mallards (Anas platyrhynchos), gadwalls (Anas strepera),
American green-winged teal (Anas carolinensis, hereafter green-winged teal), northern pintails
(Anas acuta, hereafter pintails), northern shovelers (Anas clypeata), and American wigeon (Anas
americana). As mentioned previously, my waterfowl surveys were done in conjunction with
another study focusing on black ducks, and thus black ducks were included in all surveys, but I
excluded them from analyses.
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If I saw birds flush from a site while en route or upon entering a blind, I censored the
survey and returned another morning. Otherwise, I waited up to five minutes upon entering a
blind to begin each survey so as to allow waterfowl to resume normal activities in the event a
disturbance occurred. I recorded average water depth and obtained an ocular estimate of percent
horizontal emergent vegetation cover (nearest 5%) within the site. I conducted a single 180degree scan of the site with 10 × 42 binoculars or a 60 × spotting scope and used a digital voice
recorder to simultaneously enumerate, identify, and record distances and instantaneous activities
of dabbling ducks up to 200 m from the blind (Altmann 1974, Smith et al. 1995, Beck et al.
2013). In mudflat and open water sites, I surveyed to the distance at which I could no longer
reliably identify birds (Smith et al. 1995), not to exceed 800 m based on preliminary
observations. I estimated distance to birds to the nearest 10 m (Bolduc and Afton 2004). I
classified waterfowl activities as foraging (surface feeding, tipping up), resting (sleeping,
loafing, or inactivity), locomotion (walking or swimming), aggression (chasing, biting, fighting),
courtship (displaying, copulation), alert (inactive with head erect), and maintenance (preening,
bathing, stretching; Paulus 1984, Morton et al. 1989). I did not include birds in flight during
surveys (Buckland et al. 2001).
In very rare situations (3% of total surveys) where flock size, aggregation or activity
prevented reliable counts (hereafter generalized surveys), I quickly estimated species-specific
abundances within fewer but wider (50 m) distance intervals (Buckland et al. 2001, Beck et al.
2013). Afterwards, I pointed the binoculars or spotting scope along several random azimuths
and recorded the instantaneous activity of up to ten individuals of each species present. When
species flocks were not distributed such that I could use random azimuths, I found groups of
individuals and recorded instantaneous activities. If waterfowl were slightly disturbed but did
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not abandon or significantly redistribute within a site, I stopped and waited at least 5 minutes
until birds resumed normal behavior. I then repeated the scan and noted the disturbance. If
waterfowl were significantly disturbed or abandoned the site, I censored the survey and returned
another morning. I did not sample waterfowl in dense fog or if winds exceeded 30 kph (Hagy
and Kaminski 2012b).

Statistical Approaches
Emergent vegetation may have influenced detectability of waterfowl in moist-soil and flooded
corn sites (Smith et al. 1995); thus, I used multiple covariates distance sampling analysis
(MCDS) in Distance 6.0 (Thomas et al. 2009) to account for this potential bias (Alldredge et al.
2007, Marques et al. 2007). I used weekly percent vegetation cover as a categorical covariate,
and I used study area as an additional covariate in flooded corn because it improved model fit
and precision as evidenced by a lower Akaike Information Criterion (AIC) score (Buckland et al.
2001). I excluded two moist-soil sites (one in each year) and one flooded corn site at TNWR due
to aberrant flooding or inability to estimate site areas. I assumed 100% detectability in mudflats,
open water, scrub-shrub, and SAV because vegetation did not obstruct view and observers could
count birds from survey blinds (Hagy and Kaminski 2012b). Due to infrequent observations of
northern shovelers and American wigeon, I excluded them from Distance analyses and did not
study them further.
For MCDS analyses, I estimated a global detection function and average detection
probability pooled across all spatial and temporal levels and species. I used global detection
parameters to estimate weekly, species-specific densities for each site, study area, and year
(Thomas et al. 2009). To account for irregular site areas, I estimated flooded area (ha) of each
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site by digitizing polygons with USFWS Lidar imagery, refuge water gauge data, and aerial
imagery in ArcGIS 10.1® (Environmental Systems Research Institute, Inc., Redlands, CA). I
used the estimated areas as a “sampling fraction” to adjust weekly density estimates in Distance
analyses (Buckland et al. 2004, Thomas et al. 2009). In flooded corn sites, I also used lefttruncation to account for substantial gaps (e.g., levee road, dry habitat, etc.) between observation
blinds and nearest site boundaries (Alldredge and Gates 1985, Buckland et al. 2001). I analyzed
data by refuge in moist-soil sites, and I analyzed flooded corn across refuges due to small sample
sizes in sites at CCNWR.
For mudflat, open water, scrub-shrub, and SAV sites and their generalized surveys, I
estimated dabbling duck densities by dividing raw weekly abundances by monthly site areas (ha)
estimated with ArcGIS 10.1 (see previous paragraph). To account for detectability in
generalized surveys in moist-soil (n = 5 surveys) and flooded corn sites (n = 9 surveys), I divided
raw counts by site areas and multiplied the resulting densities by the reciprocal of the global
detection probability estimated in MCDS analyses of non-generalized surveys. I assumed
generalized surveys would have similar detection probabilities because flooding depth often
occurred gradually within sites, creating small changes in emergent vegetation over time.

Food Densities
I used a standard core sampler (10 cm wide, 10 cm deep) to collect five food samples monthly
from all emergent and mudflat sites (Figure 3.2; Manley 2004, Hagy et al. 2011). I collected
samples systematically along a random transect within each site, washed them in the field with a
500-μm sieve bucket (Wildco, Inc., Buffalo, NY) and placed them in polyethylene bags for
transport and storage. In open water, SAV, and deeply flooded emergent sites (>45 cm) in the
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second year of study, I used a 25 cm × 45 cm modified Gerking box sampler (Figure 3.2; Sychra
and Adamek 2010) to collect SAV, seeds and aquatic macroinvertebrates via watercraft. I placed
the box sampler 45 cm into the water column, clipped vegetation at the base of the sampler, and
removed all materials into polyethylene bags. I assumed core and box samples produced
comparable estimates of food availability because both sampled a standard area of water and
benthic material assumed to be accessible by dabbling ducks. In the first year of study, I used a
30-cm wide dip net to collect foods in open water and SAV sites (Plattner et al. 2010), but I did
not analyze food density estimates from dip net samples because they were not comparable to
those from box samples. I preserved core and box samples in 70% ethyl alcohol and stored them
at -10º C until ready for processing (Salonen and Sarvala 1985).
In the lab, I thawed food samples, stained them with 1% rose Bengal solution (Manley et
al. 2004), washed combined sets of five samples through graduated sieves (#4 [4.75 mm], #14
[1.40 mm], and #50 [300 μm]), and removed with forceps all aquatic macroinvertebrates and
SAV consumed by dabbling ducks (Table 3.2; Eldridge 1988, Straub 2008, Hagy and Kaminski
2012a). I sorted a 25% area portion of the #4 sieve for aquatic box samples collected in SAV
sites given time and resource constraints. I identified and enumerated macroinvertebrates by
order, dried them for 24 hours at 60ºC, and weighed them to the nearest 0.1 mg immediately
afterwards (Murkin et al. 1994). I identified SAV to genus and dried and weighed it similar to
macroinvertebrates. For 25% subsamples in SAV sites, I multiplied masses by 4 to obtain final
estimates. After I washed samples, I placed the contents of each sieve in white foam plates to air
dry for 24–48 hours or until completely dried. I extracted from #4 and #14 sieve contents all
seeds and tubers known to be consumed by dabbling ducks (Table 3.2; Hagy and Kaminski
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2012a). I identified seeds and tubers to genus and dried them for 24 hours at 60º C, and I
immediately weighed foods to the nearest 0.1 mg (Gray et al. 1999).
To account for materials in the #50 sieve (hereafter small sieve) among habitat types, I
subsampled small sieve contents from three sites (five combined cores per site) for each habitat
type, refuge, and year. All food seeds were sorted from a 25% mass portion of the first site’s set
of cores (Kross et al. 2008, Hagy et al. 2011) and a 10% mass portion in the remaining two sites’
sets (Livolsi et al. 2014). I identified, dried, and weighed seeds using the same protocols as the
#4 and #14 sieves, and I multiplied 25% subsample biomasses by 4 and 10% portions by 10 to
obtain final biomass estimates. I used the final estimates to create an adjustment factor for each
of the three sites, and I averaged adjustment factors to create a constant for other sites in each
habitat type, refuge, year, and month. I adjusted final seed mass estimates in all sieves according
to size class or taxon using published correction factors (Hagy et al. 2011). In all habitats, I
converted final biomass densities (kg/ha) of seeds, tubers, SAV, and invertebrates to Duck
Energy Days (DED/ha; Reinecke et al. 1989, Gray et al. 2013). For DED estimates, I used
published, taxon-specific true metabolizable energy (TME) values whenever possible, but if no
specific TME value was available, I used published values of similar plant species (Table 3.2).

Statistical Analyses
Waterfowl Habitat Use and Activities
Survey sites did not flood concomitantly among impoundments, study areas, and years. Thus, I
averaged densities of dabbling ducks across weekly surveys to calculate a monthly average for
each site, habitat, refuge, and year. I excluded duck densities in flooded corn sites from analyses
because sites were flooded late in the season, sample sizes were small, and observations
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contained abundant outliers. Among other habitat types, I analyzed densities separately for each
species, and I included all habitat types and sites for densities of mallards and gadwalls. For
green-winged teal, I analyzed densities in mudflats, moist-soil, and scrub-shrub sites due to
infrequent observations in other habitat types. I analyzed pintail densities in mudflats and moistsoil sites for similar reasons. I also analyzed densities pooled among the four species (hereafter
total dabbling ducks).
I used separate mixed model repeated measures analyses of variance (ANOVA) to test
for differences in densities among habitat types (PROC MIXED; SAS Institute, Cary, NC; Littell
et al. 2006). For each analysis, I designated habitat as a fixed effect, year and refuge as random
effects, and month as a repeated effect. For dabbling duck instantaneous activities, I summed
counts for each activity and species (including total dabbling ducks) by habitat type, and I
performed chi-square tests of homogeneity by species to compare the percent occurrence of
activities among habitat types (PROC FREQ; Zar 1999). Due to low occurrence of aggression,
courtship, maintenance, and alert (7% of total observations), I excluded these observations from
total counts and final analyses.

Food Densities
I combined seed and tuber food densities (kg/ha) with SAV (hereafter plant foods) and analyzed
them separately from invertebrates (Hagy and Kaminski 2012b). I performed separate mixed
model ANOVAs on plant food and invertebrate biomass densities for each month (November–
February) to test for differences among habitat types. For each analysis, I designated habitat as a
fixed effect, and I designated year nested within refuge as a random effect. I was unable to
estimate above-ground crop yields in flooded corn sites and they were excluded from analyses.
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Prior to waterfowl and food analyses involving ANOVA, I observed boxplots and
histograms of un-transformed response variables to ensure model assumptions were met (Quinn
and Keough 2002, Zuur et al. 2010). Where appropriate, I transformed waterfowl densities via
natural logarithm or fourth root and food densities via natural logarithm to meet assumptions of
ANOVA (Quinn and Keough 2002, Zuur et al. 2010). I estimated degrees of freedom via
Kenward-Rogers and compared AIC scores to select covariance structures (Littell et al. 2006).
When ANOVA tests were significant (P < 0.05), I used Tukey-Kramer post hoc tests to estimate
pairwise differences among habitat types (Stafford et al. 2010, Hagy and Kaminski 2012b). I
used the PDMIX800 SAS macro to group habitat types based on Tukey comparisons (Saxton
1998). Several ANOVA tests produced non-normal residuals, but ANOVA is robust to this
violation (Underwood 1997, Schmider et al. 2010).

Potential Mechanisms of Habitat Use
I used Spearman rank correlations (PROC CORR) to examine associations between speciesspecific and total dabbling duck densities and water depth, emergent vegetation cover, and
combined DEDs of plant foods and invertebrates (Isola et al. 2000, McKinney et al. 2006). I
used this approach because of (1) missing values among water depth estimates, (2) lack of
variation in water depths in open water and SAV sites, and (3) non-normality of duck densities
and covariates. Prior to analyses, I grouped water depth estimates into functional categories (3–9
cm, 10–25 cm, 26–45 cm, and >45 cm; Fredrickson and Taylor 1982, Colwell and Taft 2000,
Isola et al. 2000, Taft et al. 2002). I used original vegetation cover estimates recorded in 5%
intervals (0–100%). For rank correlations involving water depth and vegetation cover, I used all
weekly survey data to increase sample size; mudflats were excluded from water depth
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correlations because depths could not be estimated. For rank correlations involving DEDs, I
used dabbling duck densities recorded on or closest to the day when food samples were collected
in each site. I selected a significance level of α = 0.05 for all rank correlations prior to analyses.
I was interested in generally observing the potential for selectivity of dabbling ducks
among habitat types. I used USFWS habitat shapefiles, Lidar data in the form of elevation
contours and a Triangulated Irregular Network, 2012 NAIP data (1 m resolution), refuge water
gauge and habitat site gauge data, and field-delineated maps to estimate refuge-wide flooded
areas (ha) of each habitat type in ArcGIS 10.1. I also estimated the area of exposed and
shallowly flooded mudflats (<45 cm). I pooled habitat areas among refuges and years and
averaged among months (December–February). I also pooled species-specific and total dabbling
duck abundances (including those adjusted by Distance analyses in moist-soil sites) across sites,
refuges, and years, and I averaged among months in each habitat type. I estimated the proportion
of mean species-specific and total dabbling duck abundances as well as total flooded area (ha)
among habitats studied, excluding flooded corn and other agricultural fields. I ranked the
proportions (PROC RANK) and compared them to make inferences on possible selectivity
among habitat types (Johnson 1980).
I placed eight TRAFx® vehicle counters (TRAFx Research Ltd., Canmore, Alberta,
Canada) along major refuge roads to monitor disturbances at TNWR in each year of study (Table
3.3). Counters continuously recorded the number of vehicle disturbances detected in hourly
intervals across 24-hour periods. I downloaded data from each counter monthly from late
December–late February. To make inferences about potential effects of disturbance on
waterfowl use, I summed dabbling duck densities for all habitat sites that occurred within 500 m
of each counter (Korschgen and Dahlgren 1992), and I plotted weekly densities against the
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number of detections among counters. Disturbance data for the second year of study are
currently being processed and will not be presented herein.

RESULTS
Waterfowl Habitat Use and Activities
Global detection probabilities of dabbling ducks in moist-soil sites were approximately 57% at
TNWR and 65% at CCNWR (Table 1.2). Duck densities (birds/ha) differed among habitats for
all species surveyed (Table 1.3, 1.4). Mallard densities were greatest in moist-soil sites (Table
1.4). Gadwall densities were greater in moist-soil sites than in other habitat types except for
SAV sites (t58.2 = 1.23, P = 0.224). Pintail densities were greater in moist-soil sites than on
mudflat sites (t25 = 25, P < 0.001; Table 1.4). Green-winged teal densities were greatest in
moist-soil and scrub-shrub sites (Table 1.4). Total dabbling duck densities were greatest in
moist-soil sites (t7.28 = 8.30, P < 0.001; Table 1.4). Dabbling duck densities were least in open
water sites for each species (Table 1.4).
Proportional occurrences of activities varied among habitat types for mallards (χ28 =
1,341.2, P <0.001), gadwalls (χ28 = 1,243.4, P <0.001), pintails (χ28 = 253.1, P <0.001), greenwinged teal (χ28 = 637.1, P <0.001), and total dabbling ducks (χ28 = 1,341.2, P <0.001; Figures
1.1–1.5). Among mallards, foraging occurred in 37% of birds observed in moist-soil sites and in
41% on mudflat sites, but foraging comprised only 4%–18% of observations in other habitat
types (Figure 1.1). Locomotion accounted for 39% of mallards observed in moist-soil sites, 40%
on mudflats, and 43% in scrub-shrub sites. Locomotion occurred in 55% of mallards observed in
SAV sites. Resting occurred in 19%–39% of mallards among habitat types, and it was greatest
in scrub-shrub sites where it accounted for 39% of birds observed in that habitat type.
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Among gadwalls, locomotion was the dominant activity that occurred in SAV, open
water, and mudflat sites (57%, 50%, and 55% occurrence, respectively), and locomotion
occurred in 39% of gadwalls observed in moist-soil sites (Figure 1.2). Foraging was the
dominant activity among gadwalls in moist-soil and scrub-shrub sites (48%–57% occurrence,
respectively). Resting occurred in 13%–39% of gadwalls observed among habitat types. Among
northern pintails, foraging was the most frequent activity that occurred in moist-soil and mudflat
sites (58%–63% occurrence, respectively; Figure 1.3). Although small numbers of pintails were
observed in scrub-shrub sites, 40% of individuals were observed foraging and 36% were
observed resting.
Foraging was the dominant activity among green-winged teal and comprised 17%–91%
of observations among habitat types (Figure 1.4). Foraging occurred most frequently in moistsoil and mudflat sites (69%–91% occurrence, respectively). Resting occurred in only 1%–11%
of green-winged teal observed among habitat types, but it was greatest in moist-soil and scrubshrub sites (8%–11% occurrence, respectively). Among the dabbling duck species I studied,
foraging occurred in 40%–46% of individuals in scrub-shrub, mudflat, and moist-soil sites, and
locomotion accounted for an additional 35%–42% among these habitat types (Figure 1.5). Only
6%–22% of dabbling ducks in open water and SAV sites were seen foraging, and locomotion
was most frequently observed in these habitat types (56%–69% occurrence). Resting accounted
for only 19%–24% of dabbling ducks observed among habitat types.

Food Densities
Plant food biomass densities (kg/ha) differed monthly among habitat types from November–
February (Table 1.5). From November–December, plant food densities were greatest in moist-
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soil sites (Table 1.6). Plant food densities were also great in scrub-shrub sites in December and
were approximately 22 times greater than in mudflat sites (t40.7 = 4.31, P = 0.001), and 389 times
greater than in SAV sites (t42.5 = 5.63, P < 0.001). In January, plant food densities were greater
in moist-soil sites than in other habitat types except for scrub-shrub sites (t42.1 = 1.85, P = 0.072).
In February, plant food densities were approximately 51 times greater in moist-soil sites than in
SAV sites (t45.1 = 2.72, P = 0.044).
Invertebrate food densities also differed monthly among habitat types (Table 1.5, 1.6). In
November, invertebrate food densities were approximately 10 times greater in mudflat sites than
in moist-soil sites (t38 = 2.74, P = 0.044; Table 1.6). In December, invertebrate food densities
did not differ among moist-soil, scrub-shrub, and mudflats sites, but all were greater than
invertebrate biomass in SAV sites. Invertebrate biomass did not differ among habitat types in
January (F3, 42.5 = 1.20, P = 0.322) and February (F3, 43.6 = 2.36, P = 0.085).
Moist-soil sites contained, on average, 5,622.7 DED/ha of plant foods (633.5 kg/ha) in
November (Table 1.7). By late December, plant food DEDs in moist-soil sites declined by
approximately 20% (4,506.2 DED/ha, 518.1 kg/ha), 48% from December–January (2,330.3
DED/ha, 257.5 kg/ha), and 38% from January–February (1,452.4 DED/ha, 152.4 kg/ha; Table
1.7). Plant food DEDs in SAV sites declined by >98% from November (1,522.8 DED/ha, 26.2
kg/ha) to December (4.3 DED/ha, 0.6 kg/ha), and DEDs remained low thereafter (Table 1.7).
Plant food DEDs did not decline as drastically in other habitat types. Invertebrate DEDs were
generally low in all habitat types except for mudflats (Table 1.7). Invertebrate DEDs in mudflats
declined by approximately 69% from November (147.9 DED/ha, 165.5 kg/ha) to January (46.2
DED/ha, 46.8 kg/ha).
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Potential Mechanisms of Habitat Use
Densities of dabbling ducks were negatively correlated with increasing water depth and
positively correlated with increasing emergent vegetation cover and DEDs among habitat types
(Table 1.8). I observed moderate correlations between DEDs and densities of mallards
(rs = 0.509, P < 0.001), pintails (rs = 0.392, P = 0.005), and green-winged teal (rs = 0.493,
P < 0.001) in December. Mallard densities were positively correlated with increasing emergent
cover and DEDs in each month (Table 1.8).
Among refuges and years, open water was the most available habitat type among those I
studied (𝑥̅ = 6,602.5 ha/month, SE = 48.3; Table 1.9). However, ranked proportions of dabbling
duck abundances were lowest in open water (Table 1.9). All species except gadwalls were
ranked highest in moist-soil sites, which habitat type was the second-most available (𝑥̅ = 1,031.7
ha/month, SE = 67.6). Gadwalls were ranked highest in SAV sites, which habitat type was the
least available (𝑥̅ = 387.0 ha/month, SE = 30.1). Green-winged teal were ranked second-highest
in scrub-shrub sites, which habitat type was third-most available (𝑥̅ = 546.9 ha/month, SE =
10.1). Mallards and pintails were similarly ranked among habitat types.
Across all vehicle counters placed in the Duck River Unit, a grand total of 24
disturbances/day were detected in December 2011 (SE = 2.1; Table 1.10). Disturbances
increased by nearly 113% in January 2012 (𝑥̅ = 51.9 disturbances/day, SE = 10.4) and decreased
by approximately 17% in February 2012 (𝑥̅ = 43.2 disturbances/day, SE = 3.0; Table 1.10).
Each counter detected, on average, 3.5 disturbances/day in December (SE = 0.3), and
disturbances increased by approximately 94% in January 2012 (𝑥̅ = 6.8 disturbances/counter/day,
SE = 1.5) and decreased by nearly 20% in February 2012 (𝑥̅ = 5.4 disturbances/counter/day, SE
= 0.4). Among the eight vehicle counters I placed at TNWR, only four had habitat sites
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occurring within 500 m of them, and the majority of sites were scrub-shrub or moist-soil. Line
graphs indicated that total dabbling duck densities and vehicle disturbances declined
concomitantly from late December to mid-January, increased from mid- to late January, and
declined from early to late February (Figure 1.6).

DISCUSSION
Among the habitat sites I studied, densities of dabbling ducks were greatest in moist-soil sites,
and pintails almost exclusively occurred in them. However, densities of green-winged teal were
also great in scrub-shrub sites, and gadwall densities were also great in SAV sites. Such patterns
may have occurred because of differences in foraging ecology among species (Krapu and
Reinecke 1992, Guillemain et al. 2002, Baldassarre 2014). Mallards are generalists adapted to
exploit a variety of habitats and readily consume a diverse array of food types (Nudds and
Bowlby 1984, Dabbert and Martin 2000, Gleason 2007). Conversely, the diets of green-winged
teal are often more specific to small seeds and aquatic invertebrates (Mabbott 1920, Nudds and
Bowlby 1984, Anderson et al. 2000), the former which are commonly sought in emergent
wetlands (Euliss and Harris 1987, Rave and Baldassarre 1989) and the latter in mudflats (Rave
and Baldassare 1989, Gaston 1992). Gadwalls are adapted to a diet consisting almost entirely of
aquatic foliage, a low-energy food source that requires intensive foraging to meet energetic
demands (Paulus 1982, McKnight and Hepp 1998). Use of emergent wetlands by pintails is
commonly reported throughout their non-breeding range (Euliss and Harris 1987, Fleskes et al.
2003, Moon and Haukos 2008), and moist-soil seeds and agricultural grains consistently appear
in pintail diets using inland habitats, as summarized by Baldassarre (2014).
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Foraging and locomotion were the dominant activities observed diurnally among
dabbling ducks during my study, which is consistent with others (Jorde et al. 1984, Paulus 1984,
Rave and Baldassarre 1989, Mason et al. 2013). Similar observations were also reported on
mudflats in western Tennessee, including the Duck River Unit of TNWR (Wirwa 2009). In
agreement with Mason et al. (2013), resting was infrequent among species during my study,
which is contrary to reports of several others (Tamisier 1976, Quinlan and Baldassarre 1984,
Turnbull and Baldassarre 1987). However, such differences may have arisen because I surveyed
waterfowl during early morning periods when foraging is more common compared to mid-day,
when resting is more common (Rave and Baldassarre 1989, Rave and Cordes 1993).
Moist-soil areas are common foraging habitats of dabbling ducks (Fredrickson and
Taylor 1982, Reinecke et al. 1989). Foraging frequently occurred among dabbling ducks
observed in moist-soil sites, and foraging was the dominant activity observed among greenwinged teal, pintails, and gadwalls that occurred in moist-soil sites. Foraging was also
frequently observed among mallards in moist-soil sites, although locomotion was nearly equally
observed. Foraging was also the dominant activity observed among green-winged teal, gadwalls,
and the small numbers of pintails observed in scrub-shrub sites. Use of scrub-shrub sites by
green-winged teal may be a continuation of breeding habitat affiliations in the boreal forest (J. B.
Davis, Mississippi State University, personal communication). In addition to moist-soil areas,
scrub-shrub areas (particularly those with abundant moist-soil vegetation) also appear to be
diurnal foraging areas for some species of dabbling ducks in western Tennessee, especially
green-winged teal and gadwalls.
In mudflat sites, green-winged teal and pintails were frequently observed foraging.
Johnson and Rohwer (2000) also reported that foraging was the dominant activity among green-
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winged teal using tidal mudflats in Louisiana. Mudflats in my study areas contained high
densities of invertebrate foods, primarily aquatic snails (Gastropoda), which are important foods
for non-breeding green-winged teal (Anderson et al. 2000). Although pintail diets consist
primarily of plant foods (Baldassarre 2014), I speculate that birds also may have foraged on
snails in mudflats, as this invertebrate genus is commonly reported in pintail diets across their
non-breeding range (Hughes and Young 1982, Miller 1987, Sheeley et al. 1989). In addition to
moist-soil and scrub-shrub, mudflats also appear to function as foraging areas for green-winged
teal in western Tennessee. Mudflats may also function as resting areas for mallards, as
locomotion and resting were the most frequently observed activities.
Among gadwalls, foraging was observed in only 8% of birds in SAV sites, and it was
more frequently observed in moist-soil and scrub-shrub sites (48%–57%, respectively). Plant
food densities declined by >90% from November to December in SAV sites, largely due to deep
flooding (M. D. McClanahan, University of Tennessee, personal observation), which may have
rendered submerged foliage unavailable to foraging birds. Paulus (1982) suggested that
gadwalls wintering in Louisiana appeared to shift food types based on changes in quantity, and
Euliss and Harris (1987) suggested a similar pattern among green-winged teal and pintails
wintering in California. Gadwalls in my study may have shifted functional use of SAV sites and
foraged on high-energy seeds that were abundant in moist-soil sites. In the absence of abundant
SAV, use of moist-soil seeds would have reduced foraging time and increased energetic gains,
which is congruent with optimal foraging (MacArthur and Pianka 1966).
Spearman correlations indicated that densities of dabbling ducks generally declined with
increasing water depth. Colwell and Taft (2000) also reported negative correlations of water
depth with densities of green-winged teal and northern pintails wintering in California. Hagy
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and Kaminski (2012b) noted an inverse trend in waterfowl density and water depth in managed
moist-soil areas in the Mississippi Alluvial Valley (MAV). However, Elphick and Oring (2003)
reported positive associations relative to dabbling duck use and water depth in flooded rice fields
in the Central Valley of California. Such variation among studies may have occurred because of
differences in modeling approaches, habitat types studied, or perhaps among management
strategies employed within study areas. Even so, the role of water depth in management of
dabbling ducks is well-documented (Fredrickson and Taylor 1982, Isola et al. 2000, Bolduc and
Afton 2008).
Whereas dabbling duck densities declined with increasing water depth, densities
increased in areas with greater emergent cover (i.e., moist-soil sites). Kaminski and Prince
(1981) reported similar correlations between dabbling duck densities and the interspersion of
emergent cover during the breeding season in Ontario, and Gordon et al. (1998) also reported
similar findings during winter in coastal South Carolina. Moon and Haukos (2008) also noted
increased use of denser emergent cover by female pintails wintering in the Playa Lakes Region
of Texas. Likewise, Webb et al. (2010) reported that emergent vegetation was a positive
predictor of dabbling duck densities in playa wetlands in the Rainwater Basin of Nebraska.
Emergent vegetation creates structural complexity and edge (Kaminski and Prince 1981, Smith
et al. 2004), and such conditions may be attractive to waterfowl as a means to avoid predation
(Euliss and Harris 1987, Moon and Haukos 2008) or to find isolation for courtship and pair
formation (Rave and Baldassarre 1989). Evidence from several studies suggests that a 50%
interspersion of emergent cover and open water is desirable for waterfowl and increases species
richness in emergent wetlands (“hemi-marsh” conditions; Kaminski and Prince 1981, Smith et al.
2004, Webb et al. 2010).
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I observed positive correlations between dabbling duck densities and monthly DEDs
among habitat types, the most pronounced of which occurred among mallards and throughout
winter. However, other studies noted either weak (Brasher 2010) or no associations between
dabbling duck use and energetic carrying capacity (Fleming 2010, Tapp 2013). Research is
limited that tests the hypothesis of food limitation in non-breeding waterfowl, and the nature of
the relationship between densities of waterfowl and their foods is complex (Hagy et al. 2014,
Williams et al. 2014). Factors such as the distribution and quality of foods among and within
habitat components (Charnov 1976) and across landscapes (Beatty et al. 2014b), water depth
(Isola et al. 2000), species morphological limitations (Pöysa 1983), disturbance (McKinney et al.
2006), and climate/weather conditions (Jorde et al. 1984) can directly or indirectly influence the
availability, accessibility, and profitability of foods (Fredrickson and Taylor 1982, Krapu and
Reinecke 1992, Baldassarre and Bolen 2006). Additionally, metabolic rates also vary among
waterfowl species, which creates further complications in precisely estimating carrying capacity
(Williams et al. 2014). Associations of dabbling duck use with the quantity of suitable foraging
habitat may be more meaningful, depending on the spatial scale of inference (Tapp 2013, Hagy
et al. 2014, Williams et al. 2014).
With the exception of gadwalls, ranked proportional abundances of dabbling ducks were
greatest in moist-soil sites, which agrees with my analyses of duck densities. Ranked
proportional availability was second-highest in moist-soil areas among the refuges I studied.
While limited inferences can be made by relating use at a smaller scale (habitat sites) to habitat
availability at a larger scale (among refuges), my results provide insight that may suggest
selectivity in moist-soil areas among dabbling ducks in western Tennessee, including primarily
mallards, pintails, and green-winged teal. The availability or extent of wetland types and their
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configuration across landscapes has important implications for waterfowl conservation, and
several studies have presented evidence to substantiate this claim (Stafford et al. 2007, Pearse et
al. 2012, Beatty et al. 2014a, b). Work is ongoing that continues to elucidate landscape habitat
variables important for waterfowl (J. R. Marty, Mississippi State University, unpublished data).
Non-breeding black ducks primarily used scrub-shrub, moist-soil, and mudflats at TNWR
and CCNWR (Newcomb 2014, J. M. Osborn, University of Tennessee, unpublished data). Use
of these habitat types by black ducks overlapped with green-winged teal, gadwalls, and mallards,
primarily in moist-soil sites. Although inferences on competition herein are limited, competition
between black ducks and other species may be negligible because dabbling ducks commonly
shift to more specialized foraging methods as foods are depleted (DuBowy 1988, Guillemain et
al. 2002). I did not test this hypothesis in my study, and implications for resource competition
require further investigation.
Courtship among black ducks was almost solely observed in scrub-shrub sites at TNWR
and CCNWR (J. M. Osborn, unpublished data). Mallards also occurred in scrub-shrub sites, and
resting was commonly observed, perhaps as winter temperatures declined and birds sought out
sheltered areas for thermal cover (Jorde et al. 1984). Although I excluded courtship observations
among mallards in my analyses, birds may also have sought scrub-shrub as isolated areas after
pair formation (Heitmeyer 1985). Black ducks and mallards use similar habitats for courtship,
and the two species also have similar pairing chronologies (November–December; Johnsgard
1960, Weller 1965). Furthermore, evidence suggests un-paired female black ducks prefer to pair
with male mallards, even when male black ducks are abundant (Brodsky and Weatherhead
1984). Thus, scrub-shrub areas may be places of potential risk for interbreeding among black
ducks and mallards in western Tennessee, but evidence is needed to substantiate this hypothesis.
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My estimate of plant food densities in moist-soil areas in western Tennessee (633.5
kg/ha) is similar to estimates reported in the MAV (496 kg/ha; Kross et al. 2008), the Upper
Mississippi River Valley/Great Lakes regions (377–570 kg/ha; Brasher et al. 2007), and the
Illinois River Valley (691.3 kg/ha; Stafford et al. 2011). However, my estimate is considerably
greater than was reported in palustrine emergent wetlands in the Upper Midwest during spring
(208 kg/ha; Straub et al. 2012) and in Wetland Reserve Program easements in the MAV during
winter (263.5 kg/ha; Olmstead et al. 2013), possibly due to differences in management strategies
among regions (Hagy et al. 2011, 2014). Variation may also have arisen among regional food
density estimates because of ambiguity regarding foods and non-food taxa of non-breeding
waterfowl and seasonal differences (Callicutt et al. 2011, Hagy and Kaminski 2012a).
Although moist-soil sites had the greatest plant food densities in early winter, foods
quickly declined in mid- to late winter (i.e., late January) and apparently became similar to other
habitat types. I was unable to estimate above-ground crop yields in flooded corn, but results
from other studies suggest that flooded corn is an important, high-energy supplement that may be
used to offset food depletion in natural wetlands (Baldassarre and Bolen 1984, Turnbull and
Baldassarre 1987, Foster et al. 2010). Although I did not analyze data from flooded corn sites in
my study, dabbling duck densities were substantial, although highly variable (Table 1.11).
Foraging was observed in 65% of dabbling ducks in flooded corn sites, the majority of which
were mallards (Figure 1.7).
The vehicle counters I placed detected an increase in disturbance during late winter and
which only slightly decreased into February. Disturbances may have been unrepresentative of
normal conditions at TNWR, as my research crew and that of Newcomb (2014) was also present.
During the second year of study, only my research crew was present, and this may have
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substantially reduced the frequency of disturbances after the morning hours when surveys were
completed. The graphs I generated from the first year of study indicated that duck densities in
habitat sites near certain counters showed somewhat matching trends with vehicle disturbances,
but such trends could have occurred for other reasons, including changes in water depth and food
depletion in nearby sites, or perhaps flooding of new foraging areas elsewhere (Heitmeyer 2006).
Pease et al. (2005) reported that dabbling ducks wintering at Virginia Beach showed variable
responses to disturbance, but the authors also reported that vehicle disturbance caused less
dramatic responses in birds compared to humans walking nearby. The authors also noted the
presence of birds that became habituated to vehicle disturbance, although some birds still
abandoned sites when disturbed.

RESEARCH AND MANAGEMENT IMPLICATIONS
My results suggest that moist-soil areas are frequently used by non-breeding dabbling ducks in
western Tennessee, primarily as foraging areas, but a variety of wetland types may be necessary
to accommodate life history needs of diverse dabbling duck communities (Gray et al. 2013).
Within emergent wetland types, managers should maintain shallow flooding depths and high
emergent cover to benefit dabbling ducks, especially mallards. Areas with abundant SAV should
be maintained for gadwalls, although birds also apparently forage in moist-soil areas. As foliage
declined quickly from November to December in SAV sites, I recommend that managers use
partial drawdowns later in winter to increase availability of foliage in SAV areas for foraging
gadwalls and other dabbling ducks. Mudflats should be encouraged for green-winged teal as
foraging areas and for mallards as resting areas. The scrub-shrub sites I studied represent an
uncommon habitat type, but they hosted a variety of dabbling ducks, including black ducks, and
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appeared to be foraging areas for green-winged teal and resting areas for mallards. However, the
co-occurrence of black ducks and mallards in scrub-shrub areas may warrant future
investigations to identify potential for competition and interbreeding. While moist-soil areas
may have high food densities and appear to be foraging areas for dabbling ducks, supplemental
foods such as corn may be provided in mid- to late winter to accommodate energetic needs of
waterfowl and reduce negative impacts from rapid food depletion in moist-soil areas. If corn
cannot be provided due to logistical or legal constraints, managers may plant alternative, highenergy crops such as Japanese millet (Echinochloa frumentacea) that are readily consumed by
dabbling ducks (Ringelman 1990, Sheahan 2014).
With regards to disturbance from vehicles or other anthropogenic sources, I recommend
that managers at TNWR and CCNWR further investigate the impacts of anthropogenic
disturbances on waterfowl distributions and with more rigorous methods. Waterfowl species
may show different responses to disturbances, and the subsequent impacts of disturbances on
waterfowl may be equally as variable. Thus, further research is needed to determine speciesspecific responses to a variety of types and frequencies of disturbance and to identify the
magnitude at which disturbances become detrimental to waterfowl in western Tennessee.
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Table 1.1. Criteria and characteristics of six common habitat types used by wintering waterfowl
and studied from November 2011 and 2012 through February 2012 and 2013 at the Duck River
Unit of Tennessee National Wildlife Refuge and Cross Creeks National Wildlife Refuge,
Tennessee, USA.

Habitat Type

Criteria/Definition

Un-harvested Flooded Un-harvested cornfields that have been knocked down mechanically
Corn
without tilling the soil in late autumn and are subsequently flooded.

Scrub-shrub

Narrow but mostly open backwater areas, bays, and stream channels
<100 m wide and bounded by scrub-shrub vegetationa (<6 m tall).

Mudflats

Exposed or shallowly flooded (<45 cm) areas with >30% bare soil
and <30% horizontal plant cover (i.e., unconsolidated shorea) except
for pioneer plants that occur briefly when exposed substrate creates
favorable growth conditions.

Moist-soil

Impounded, seasonally flooded areas that have >30% horizontal
cover of persistent/non-persistent herbaceous vegetation, or areas
within impoundments where cover conditions are similar.

Open Water

Permanently flooded areas (>45 cm deep) with <30% horizontal
plant cover (unconsolidated bottoma).

Submerged Aquatic
Vegetation (SAV)

Permanently flooded areas (>45 cm deep) that have >30% horizontal
cover of rooted or floating vascular plants (based on professional or
ocular observations).

a

See Cowardin et al. 1979 for reference.
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Table 1.2. Global parameter estimates from detection models in Distance 6.0 (Thomas et al. 2009) estimating dabbling duck densities
in un-harvested flooded corn and moist-soil sites from November 2011 and 2012 through February 2012 and 2013 at the Duck River
Unit of Tennessee National Wildlife Refuge (TNWR) and Cross Creeks National Wildlife Refuge (CCNWR), Tennessee, USA.

Study Area
TNWR/CCNWRd
TNWR
CCNWR

a

Parmsa
3
5
5

nb
144
260
232

g(y)c
0.684
0.571
0.651

SE
0.011
0.004
0.006

% CV
1.63
0.72
0.98

Number of model terms, including those for adjustment and covariate levels.

b

c

Habitat
Un-harvested flooded corn
Moist-soil
Moist-soil

Number of weekly surveys.

Average probability of detecting an individual given its distance from the observer.

d

Data were pooled across study areas, sites, and years due to small sample sizes among study areas and years.
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LCL
0.662
0.563
0.638

UCL
0.706
0.579
0.663

Table 1.3. Results from individual repeated measures analyses of variance of dabbling duck
densities (birds/ha) estimated among habitat types studied from November 2011 and 2012
through February 2012 and 2013 at the Duck River Unit of Tennessee National Wildlife Refuge
and Cross Creeks National Wildlife Refuge, Tennessee, USA.

a

Species
MALL
GADW
NOPI
AGWT
Total

DFb
4
4
1
2
4

b

Analysis of Variance Among Habitat Types
DFwc
Fd
65.4
24.82
57.4
5.93
25.0
20.28
58.0
7.82
14.9
11.37

P
<0.001
0.001
<0.001
0.001
<0.001

a

MALL=mallard (Anas platyrhynchos), GADW=gadwall (Anas strepera), NOPI=northern
pintail (Anas acuta), AGWT=American green-winged teal (Anas carolinensis),
Total=pooled among the above species.

b

Degrees of freedom between fixed effect levels.

c

Degrees of freedom within fixed effect levels.

d

F-value from analysis of variance.
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Table 1.4. Dabbling duck densities (birds/ha/month/site) and comparisonsa among five common habitat types during November 2011
and 2012 through February 2012 and 2013 at the Duck River Unit of Tennessee National Wildlife Refuge and Cross Creeks National
Wildlife Refuge, Tennessee, USA. Densities were averaged across weekly surveys for each month prior to analyses.

Scrub-shrub
(n = 44)
Speciesb
MALL
GADW
NOPI
AGWT
Total

a

𝑥̅
17.09 B
6.40 BC
0.17
16.36 AB
38.50 B

SE
7.72
1.27
0.14
5.90
9.00

Mudflats
(n = 45)

𝑥̅
3.99 BC
3.59 BC
0.11 B
0.54 B
8.20 B

SE
0.98
0.99
0.04
0.18
1.60

Moist-soil
(n = 33)

𝑥̅
55.77 A
21.13 A
15.22 A
31.42 A
123.90 A

SE
9.15
7.81
7.80
18.04
33.20

Open Water
(n=47)

𝑥̅
1.03 C
0.22 C
0
0.02
1.30 B

SE
0.54
0.09
0
0.01
0.70

Subm. Aquatic Vegetation
(n = 36)

𝑥̅
10.93 B
15.79 AB
0.26
0.71
27.70 B

SE
2.79
2.92
0.14
0.47
4.80

Means in the same row but with different capital letters are significantly different (P < 0.05) based on Tukey-Kramer multiple
pairwise comparisons test of least squares means. Means without letter groupings were not included in pairwise comparisons.

b

MALL=mallard (Anas platyrhynchos), GADW=gadwall (Anas strepera), NOPI=northern pintail (Anas acuta), AGWT=American
green-winged teal (Anas carolinensis), Total=pooled among the above species.
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Table 1.5. Results from individual analyses of variance of waterfowl food densities (kg[dry]/ha)
estimated among habitat types studied from November 2011 and 2012 through February 2012
and 2013 at the Duck River Unit of Tennessee National Wildlife Refuge and Cross Creeks
National Wildlife Refuge, Tennessee, USA.

Taxon and Month
Plant foodsd
November
December
January
February
Invertebrates
November
December
January
February

DFb

a

Analysis of Variance Among Habitat Types
DFwb
Fc
P

3
3
3
3

39.0
41.6
43.3
43.8

17.50
28.08
6.55
4.56

<0.001
<0.001
0.001
0.007

3
3
3
3

37.2
43.0
42.5
43.6

3.59
8.72
1.20
2.36

0.023
<0.001
0.322
0.085

a

Degrees of freedom between fixed effect levels.

b

Degrees of freedom within fixed effect levels.

c

F-value from analysis of variance.

d

Combined estimate of seeds, tubers, and aquatic foliage commonly consumed by waterfowl.
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Table 1.6. Monthly densities (kg[dry]/ha/site) and comparisonsa of waterfowl foods recovered from soil and aquatic samples taken in
five common habitat types from November 2011 and 2012 through February 2012 and 2013 at the Duck River Unit of Tennessee
National Wildlife Refuge and Cross Creeks National Wildlife Refuge, Tennessee, USA.

Scrub-shrub
Taxon
b

Plant Foods

Month

n

Nov
Dec
Jan
Feb

11 164.6 B
82.5
14 233.2 B 112.0
15 162.8 AB 70.3
16 89.2 AB 38.7

Invertebrates Nov
Dec
Jan
Feb

a

𝑥̅

Mudflats

11
14
15
16

18.8 AB
42.1 A
13.8 A
32.1 A

SE

5.9
12.4
4.6
10.0

n
15
15
15
15

Open
Water

Moist-soil

𝑥̅

SE

16.2 B
10.5 C
14.6 B
10.2 A

3.7
3.7
5.3
4.2

15 165.5 A 64.2
15 133.9 A 52.4
15 46.8 A 25.2
15 34.0 A 23.7

n
SE
𝑥̅
10 633.5 A 140.8
11 518.1 A 118.8
12 257.5 A 84.0
12 152.4 A 63.3

n
7

10
11
12
12

16.6 B
20.8 A
17.4 A
10.1 A

6.1
7.0
8.3
3.5

Subm. Aquatic
Vegetation

𝑥̅

SE

7
8
8

0
0
0
0

0
0
0
0

7
7
8
8

0
0
0
0

0
0
0
0

𝑥̅

SE

7
7
7

26.2 B
0.6 C
0.4 B
3.0 A

13.1
0.4
0.3
3.0

7
7
7
7

13.9 AB
0.2 B
0.0 A
0.7 A

4.1
0.1
0.0
0.7

n
7

Means in the same row but with different capital letters are significantly different (P < 0.05) based on Tukey-Kramer multiple
pairwise comparisons test of least squares means. Means without letter groupings were not included in pairwise comparisons.

b

Combined estimate of seeds, tubers, and foliage commonly consumed by waterfowl.

68

Table 1.7. Monthly Duck Energy Days (DED/ha/site) of waterfowl foods recovered from soil and aquatic samples collected in five
common habitat types from November 2011 and 2012 through February 2012 and 2013 at the Duck River Unit of Tennessee National
Wildlife Refuge and Cross Creeks National Wildlife Refuge, Tennessee, USA.

Scrub-shrub
Taxon
Plant Foods

a

a

Moist-soil

Open
Water

n
𝑥̅
SE
10 5,622.7 1,228.3
11 4,506.2 1,093.0
12 2,330.3 819.8
12 1,452.4 621.9

n 𝑥̅ SE
7 0 0
7 0 0
8 0 0
8 0 0

n
7

10

7

7

Month

n

Nov
Dec
Jan
Feb

11 977.8
14 1,393.3
15 1,108.7
16 403.9

443.3
630.9
475.4
173.6

n
𝑥̅
SE
15 113.0 35.5
15 133.9 88.3
15 227.0 120.5
15 64.2 27.2

11
14
15
16

5.3
11.1
5.2
8.8

15 147.9
15 127.0
15 46.2
15 35.8

Invertebrates Nov
Dec
Jan
Feb

𝑥̅

Mudflats

20.8
44.1
16.1
31.3

SE

57.0
45.5
24.7
23.4

11
12
12

20.9
27.6
28.8
15.1

Combined estimate of seeds, tubers, and foliage commonly consumed by waterfowl.
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7.1
7.7
14.6
5.3

7
8
8

0
0
0
0

Subm. Aquatic
Vegetation

0
0
0
0

7
7
7

7
7
7

𝑥̅

SE

1,522.8
4.3
3.1
20.7

732.4
2.7
2.3
20.7

15.0
0.2
0.0
0.7

4.6
0.1
0.0
0.7

Table 1.8. Monthly Spearman rank correlations of habitat covariates with waterfowl densities (birds/ha) estimated among habitat
types studied from November 2011 and 2012 through February 2012 and 2013 at the Duck River Unit of Tennessee National Wildlife
Refuge and Cross Creeks National Wildlife Refuge, Tennessee, USA.

Water Depthb

% Vegetation Coverb

DED/hac

Speciesa
MALL

Period
December
January
February
Dec–Feb

n
209
209
209
627

rsd
-0.314
-0.183
-0.159
-0.233

P
<0.001
0.008
0.021
<0.001

n
274
267
266
807

rs
0.443
0.416
0.404
0.423

P
<0.001
<0.001
<0.001
<0.001

n
50
57
58
165

rs
0.509
0.420
0.402
0.464

P
<0.001
0.001
0.002
<0.001

GADW

December
January
February
Dec–Feb

209
209
209
627

-0.090
0.007
0.044
-0.044

0.194
0.925
0.528
0.270

274
267
266
807

0.289
0.154
0.239
0.237

<0.001
0.012
<0.001
<0.001

50
57
58
165

0.244
0.201
0.288
0.265

0.087
0.134
0.028
0.001

NOPI

December
January
February
Dec–Feb

209
209
209
627

-0.235
-0.191
-0.134
-0.203

0.001
0.006
0.052
<0.001

274
267
266
807

0.168
0.322
0.191
0.227

0.005
<0.001
0.002
<0.001

50
57
58
165

0.392
0.317
-0.036
0.286

0.005
0.016
0.787
<0.001

AGWT

December
January
February
Dec–Feb

209
209
209
627

-0.325
-0.104
-0.085
-0.205

<0.001
0.136
0.221
<0.001

274
267
266
807

0.329
0.182
0.215
0.246

<0.001
0.003
<0.001
<0.001

50
57
58
165

0.493
0.300
0.081
0.314

<0.001
0.024
0.544
<0.001
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Table 1.8. Continued.

Water Depthb
Speciesa
Total

a

Period
December
January
February
Dec–Feb

n
209
209
209
627

rsd
-0.283
-0.183
-0.174
-0.227

% Vegetation Coverb
P
<0.001
0.008
0.012
<0.001

n
274
267
266
807

rs
0.448
0.384
0.426
0.424

P
<0.001
<0.001
<0.001
<0.001

DED/hac
n
50
57
58
165

rs
0.488
0.451
0.437
0.481

P
<0.001
<0.001
<0.001
<0.001

MALL=mallard (Anas platyrhynchos), GADW=gadwall (Anas strepera), NOPI=northern pintail (Anas acuta), AGWT=American
green-winged teal (Anas carolinensis), Total=pooled among the above species.

b

c

Covariates were estimated during weekly surveys.

DED/ha were estimated once at the end of each month, and duck densities represent those estimated on or closest to the day when
food samples were collect in habitat sites.

d

Spearman's correlation coefficient, rho (ρ).
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Table 1.9. Estimates and ranks of percent dabbling duck occurrencea (abundances) from habitat
sites and refuge-wide habitat availabilityb among five common habitat types studied from
November 2011 and 2012 through February 2012 and 2013 at the Duck River Unit of Tennessee
National Wildlife Refuge and Cross Creeks National Wildlife Refuge, Tennessee, USA.

Estimates
Proportional Abundance a
Habitat Type
Scrub-shrub
Mudflats
Moist-soil
Open Water
Subm. Aquatic Vegetation

Habitat Type
Scrub-shrub
Mudflats
Moist-soil
Open Water
Subm. Aquatic Vegetation

MALL
6.6
32.4
45.2
2.7

GADW
7.1
31.9
21.1
1.6

NOPI
0.7
5.2
91.7
0.1

AGWT
29.3
15.4
51.0
0.1

Availabilityb
6.1
4.6
11.5
73.5

13.1

38.3

2.4

4.2

4.3

Ranked Estimates
Proportional Abundance a
MALL
GADW
NOPI
AGWT
4
4
4
2
2
2
2
3
1
3
1
1
5
5
5
5
3
1
3
4

Availabilityb
3
4
2
1
5

a

The percentage of observations (birds/month) pooled across sites, refuges, and years.
MALL=mallard (Anas platyrhynchos), GADW=gadwall (Anas strepera), NOPI=northern
pintail (Anas acuta), AGWT=American green-winged teal (Anas carolinensis).

b

The proportion of flooded area (ha/month) among habitat types studied (includes exposed and
shallowly flooded mudflats [<45 cm]), pooled across refuges and years. Un-harvested
flooded corn and other agricultural fields were not included.
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Table 1.10. Vehicle disturbances detected per day among eight devices (counters) placed along
major roads at the Duck River Unit of Tennessee National Wildlife Refuge, Tennessee, USA,
during December 2011 through February 2012.

December
(n = 29)
Locationa
Upper pool nine
Honey point
One-ten levee
One-two levee
Pool seven outer levee
Two-ten levee
Two-three levee
Upper bottoms
All locationsb

𝑥̅

2.9
2.7
3.8
6.2
1.2
4.2
4.3
24.3

SE
0.4
0.3
0.6
1.0
0.3
0.5
0.7
2.1

January
(n = 31)
𝑥̅

3.9
1.7
6.8
9.6
6.5
2.4
18.6
3.9
51.9

SE
0.5
0.3
0.4
0.7
0.7
0.4
10.2
0.4
10.4

a

February
(n = 25)
𝑥̅

4.1
2.0
7.6
10.1
6.6
3.2
5.3
4.5
43.2

See Table 3.3 for locations of vehicle counters. One counter was placed at each location.

b

Grand sum across all locations for a given month, averaged across days.
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SE
0.5
0.3
0.8
0.7
0.7
0.6
0.7
0.6
3.0

Table 1.11. Dabbling duck densities (birds/ha/site), food densities (kg[dry]/ha/site), and Duck Energy Days (DED/ha/site) estimated
in sampling sites, and refuge-wide flooded areas (ha/refuge/year), of un-harvested corn that was knocked down and subsequently
flooded during November 2011 and 2012 through February 2012 and 2013 at the Duck River Unit of Tennessee National Wildlife
Refuge and Cross Creeks National Wildlife Refuge, Tennessee, USA.

Metric
Dabbling ducks/haa
MALL
GADW
NOPI
AGWT

November
n
𝑥̅
SE

n

-

3 2,455.1
3
8.0
3
44.3
3
0.0

-

-

December
SE
𝑥̅
2,274.6
5.4
40.0
0.0

n

January
SE
𝑥̅

n

February
𝑥̅
SE

n

Nov–Feb
𝑥̅
SE

6 178.6
6 31.0
6 52.2
6 21.2

123.3
29.5
48.2
21.2

7 139.7
7 8.3
7 0.7
7 3.2

92.5
4.8
0.4
3.1

16 588.4 431.7
16 16.7 11.0
16 28.2 19.2
16 9.4
8.0

61.4
5.5

8
8

57.6
5.6

18.2
2.1

8
8

30.4
3.1

21
21

563.9
6.8

8 386.6
8 10.4

109.4
4.0

8 601.9 337.9
8 9.8
4.9

21 527.7 157.5
21 12.0
2.9

4

12

Food density (kg/ha)
Plant foodsb
Invertebrates

2 4.6
2 18.0

2.5
6.5

3
3

126.6
7.5

2 37.9
2 29.1

5.9
14.8

3 1,032.8
3
10.3

65.9
6.4

65.6
7.4

16.3
1.8

DED/ha
Plant foodsb
Invertebrates
Flooded area (ha)

a

-

-

-

4

24.4

4.9

4

39.0

3.0

34.5

3.9

32.7

2.8

MALL=mallard (Anas platyrhynchos), GADW=gadwall (Anas strepera), NOPI=northern pintail (Anas acuta), AGWT=American
green-winged teal (Anas carolinensis), Total=pooled among the above species.

b

Combined estimate of seeds, tubers, and foliage commonly consumed by waterfowl. Does not include above-ground corn crop.
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Vegetation
n=3,226

Figure 1.1. Proportional occurrence of foraging, locomotion, and resting observed among
mallards (Anas platyrhynchos) based on instantaneous observations among five common habitat
types studied from November 2011 and 2012 through February 2012 and 2013 at the Duck River
Unit of Tennessee National Wildlife Refuge and Cross Creeks National Wildlife Refuge,
Tennessee, USA.
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Figure 1.2. Proportional occurrence of foraging, locomotion, and resting observed among
gadwalls (Anas strepera) based on instantaneous observations among five common habitat types
studied from November 2011 and 2012 through February 2012 and 2013 at the Duck River Unit
of Tennessee National Wildlife Refuge and Cross Creeks National Wildlife Refuge, Tennessee,
USA.
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Figure 1.3. Proportional occurrence of foraging, locomotion, and resting observed among
northern pintails (Anas acuta) based on instantaneous observations among five common habitat
types studied from November 2011 and 2012 through February 2012 and 2013 at the Duck River
Unit of Tennessee National Wildlife Refuge and Cross Creeks National Wildlife Refuge,
Tennessee, USA.
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Figure 1.4. Proportional occurrence of foraging, locomotion, and resting observed among
American green-winged teal (Anas carolinensis) based on instantaneous observations among five
common habitat types studied from November 2011 and 2012 through February 2012 and 2013
at the Duck River Unit of Tennessee National Wildlife Refuge and Cross Creeks National
Wildlife Refuge, Tennessee, USA.
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Figure 1.5. Proportional occurrence of foraging, locomotion, and resting observed among total
dabbling ducks based on instantaneous observations among five common habitat types studied
from November 2011 and 2012 through February 2012 and 2013 at the Duck River Unit of
Tennessee National Wildlife Refuge and Cross Creeks National Wildlife Refuge, Tennessee,
USA.
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Figure 1.6. Weekly trends in the average number of vehicle disturbances detected by four out of
eight counting devices and dabbling duck densities (birds/ha) occurring in habitat sites within
500 m of counters along major roads during early December 2011 through late February 2012 at
the Duck River Unit of Tennessee National Wildlife Refuge, Tennessee, USA.
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Figure 1.7. Proportional occurrence of foraging, locomotion, and resting among dabbling ducks
based on instantaneous observations in un-harvested corn that was knocked down and
subsequently flooded during November 2011 and 2012 through February 2012 and 2013 at the
Duck River Unit of Tennessee National Wildlife Refuge and Cross Creeks National Wildlife
Refuge, Tennessee, USA. MALL=mallard (Anas platyrhynchos), GADW=gadwall (Anas
strepera), NOPI=northern pintail (Anas acuta), AGWT=American green-winged teal (Anas
carolinensis), Total=pooled among the above species.
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CHAPTER III: WATERFOWL AND HABITAT RESPONSES TO WETLAND DISKING
AND PLANTING OF JAPANESE MILLET (ECHINOCHLOA FRUMENTACEA) IN
TENNESSEE
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ABSTRACT
Waterfowl managers commonly disk seasonal wetland (moist-soil) impoundments to set back
plant succession and increase food availability, and desirable grasses may be planted afterwards,
such as Japanese millet (Echinochloa frumentacea), to supplement waterfowl foods in newly
disked sites in the year of disking. However, the impacts of this practice on non-breeding
waterfowl use and habitat quality have not been studied previously. Also, this practice has not
been tested relative to its impacts on habitat use by American black ducks (Anas rubripes), a
species in decline. From July 2011–February 2013, I estimated and compared use by black
ducks and other dabbling ducks (Anatini), their activities, and wetland food responses between
experimentally disked moist-soil wetlands (plots) subsequently planted with Japanese millet and
un-manipulated areas (control) during the first winter after treatment and autumn vegetation
responses after treatment at the Duck River Unit of Tennessee National Wildlife Refuge and
Cross Creeks National Wildlife Refuge in western Tennessee. Pooled analyses of variance did
not indicate a significant difference in dabbling duck use or Duck Energy Days (DED) of total
foods between treatment types (P > 0.10), but foraging was more frequently observed in disked
and planted plots (72% occurrence) than control plots (57% occurrence). Duck Energy Days of
seeds of millets (Echinochloa spp.) were 3.8 times greater in disked and planted than control
plots (t8 = 1.99, P = 0.082), and percent cover of desirable plant species was 1.8 times greater
and average vegetation height 35.5 cm taller in control plots (P < 0.10). Waterfowl use was
negatively correlated with increasing water depth (rs > 0.50, P < 0.10) for each treatment type.
Black ducks largely did not use disked and planted or control plots. My results suggest that
moist-soil disking and millet planting did not improve food cover, food production, or use by
non-breeding black ducks or other dabbling ducks in western Tennessee when compared to un-
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manipulated areas. Future work should investigate nocturnal use and activities of black ducks
and other dabbling ducks in disked and planted wetlands during the non-breeding season, and
black duck responses should be tested relative to a variety of wetland management techniques to
identify practices that enhance wetland use and quality.

INTRODUCTION
Seasonal wetland or moist-soil management is commonly used to improve areas for wetlanddependent birds because it provides early-succession habitat, which mimics the historic seasonal
wetland availability and associated foods in the southern United States and elsewhere
(Fredrickson and Taylor 1982, Kross et al. 2008, Gray et al. 2013). Moist-soil management
consists of seasonally flooding and dewatering impounded wetlands to encourage growth of
grasses, sedges, and other seed-producing annuals or perennials considered important to
waterfowl (Fredrickson and Taylor 1982, Gray et al. 1999). Seeds, tubers, and aquatic
invertebrates commonly found in moist-soil wetlands are high in essential amino acids, protein,
and other important nutrients that are lacking in agricultural grains (Loesch and Kaminski 1989).
Furthermore, moist-soil wetlands can provide thermal cover, isolation for courtship and pair
bond formation, and protection from potential predators (Ringelman 1990).
In the absence of management intervention, moist-soil impoundments transition from
early to mid-successional plant communities and subsequently produce fewer early-successional
plant foods (Fredrickson and Taylor 1982). Managers commonly disk moist-soil wetlands in
summer or fall to set back succession and increase food production for migratory waterbirds,
particularly waterfowl (Gray et al. 1999, Strader and Stinson 2005). When moist-soil wetlands
have been disked, managers sometimes subsequently plant desirable grass species to supplement
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food production in newly disked sites (Strader and Stinson 2005, Hagy and Kaminski 2012b).
Japanese millet (Echinochloa frumentacea, hereafter millet) is commonly seeded after disking
because it is a water-tolerant, prolific seed producer that has high potential energy yield for
waterfowl (Mitchell 1989, Sheahan 2014). While disking is a common practice in many moistsoil areas of the United States and its effects on waterfowl use and food availability have been
studied (Gray et al. 1999, Hagy and Kaminski 2012b), research is lacking on waterfowl and
habitat responses to disking followed by millet planting. Such information may help managers
and conservation planners seeking to refine moist-soil management techniques for non-breeding
waterfowl.
Western Tennessee is an important region in the Mississippi Flyway, and it is an historic
wintering area for over 40% of the Mississippi Flyway population of American black ducks
(Anas rubripes, hereafter black duck), a species in decline (Sanders et al. 1995, Conroy et al.
2002, U.S. Fish and Wildlife Service [USFWS] 2010a, b). However, western Tennessee has lost
many of its critical waterfowl habitats due to urban/agricultural development, historic river
channel alterations, and ongoing dredging within river channels (Johnson 2007, USFWS 2010a).
As suitable habitats are further lost or degraded, managers may be required to accommodate
higher concentrations of non-breeding waterfowl within limited habitat acreages (Reinecke et al.
1988). Thus, area managers must be informed regarding the efficiency of current wetland
management techniques by estimating their impacts on habitat quality and waterfowl use in
winter, especially for species of conservation concern such as black ducks. Such information
will also contribute to conservation goals of the North American Waterfowl Management Plan
(NAWMP; BDJV 2008, NAWMP 2012). The objective of this study was to investigate the
effects of disking and millet planting on vegetation quality, winter food density and energetic
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carrying capacity, and use and activities of non-breeding black ducks and other dabbling ducks
(Anatini) in western Tennessee. Results from my study, in combination with those focusing on
black ducks, will contribute to habitat management and conservation in non-breeding habitats of
black ducks and other dabbling ducks in the Mississippi Flyway and elsewhere in the interior
United States, hence contributing to objectives of the NAWMP.

STUDY AREAS
I estimated summer vegetation response and non-breeding waterfowl use and food density in
experimental plots within the Duck River Unit of Tennessee National Wildlife Refuge (TNWR)
and Cross Creeks National Wildlife Refuge (CCNWR) in western Tennessee (Figure 3.1). The
TNWR and CCNWR annually support thousands of wintering and migrating waterfowl (USFWS
2010a), and both refuges are designated waterfowl sanctuaries. From 15 November–15 March,
public access is limited at TNWR and restricted at CCNWR to accommodate non-breeding
waterfowl. The refuges are surrounded by private and public hunting areas, thus making them
important resting and feeding areas in the region (USFWS 2009, 2010a).
The Duck River Unit of TNWR is approx. 10,820 ha and located at the confluence of the
Duck and Tennessee Rivers in eastern Benton and western Humphreys counties. The CCNWR
is approx. 3,586 ha and located along the main channel of the Cumberland River in Stewart
County, Tennessee. The main body of each refuge consists of leveed impoundments that are
seasonally flooded and drawn down to produce food and cover for waterfowl. Impoundments
are flooded via pumping, precipitation, or a combination of the two methods, and refuge
personnel manage flooding via water control structures. Habitat management focuses on moistsoil wetlands, agricultural grains, forested and scrub-shrub wetlands, and riverine habitat types
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(i.e., mudflats, open water, and submerged vegetation). Moist-soil and agricultural management
are major components of TNWR and CCNWR impoundments, and disking and millet planting is
a common practice in moist-soil areas (USFWS 2009, 2010a, b).

METHODS
Experimental Design
In June 2011–2012, I delineated nine 1-ha blocks of moist-soil vegetation, each of which was
divided into a 0.5-ha plot that received 2-way disking and was subsequently planted with millet
(hereafter disked plot) and another 0.5-ha un-manipulated plot (hereafter control; Table 3.1). I
established blocks in areas that were dominated by robust or undesirable vegetation such as
coffeeweed (Sesbania herbacea), cocklebur (Xanthium strumarium), sumpweed (Iva annua), and
rose mallow (Hibiscus spp.). I marked plot boundaries with white PVC poles prior to disking,
and I randomly assigned disked plots within blocks (Gray et al. 1999). I delineated three blocks
at TNWR and CCNWR in June 2011 and repeated this process in July 2012 on three additional
blocks at TNWR; I selected additional blocks at TNWR because 2011 plots had very poor millet
establishment due to dry summer growing conditions. Disked plots from 2011 and 2012 were
treated in July, and 2011 plots did not receive further treatment. I did not study blocks from
2011 in 2012.

Vegetation Response
I estimated vegetation composition and structure in all disked and control plots once in early
autumn (September) after treatment. To conduct surveys, I systematically placed ten 1-m2
subsamples (square frame quadrats) along a diagonal transect within each plot (Gray et al. 1999,
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Strader and Stinson 2005). Within subsamples, I recorded ocular estimates of percent total
horizontal vegetation cover, percent cover of plant genera known to produce propagules or parts
consumed by waterfowl (hereafter foods), and mean height of vegetation. I averaged cover and
height estimates across subsamples to obtain a final estimate for each transect and plot
(Coulloudon et al. 1999).

Waterfowl Use and Activities
Field Methods
I estimated dabbling duck densities and activities in blocks at TNWR and CCNWR during
November 2011 and 2012 through February 2012 and 2013. When blocks were completely
flooded, I systematically measured average water depth among 20–30 locations along a random
transect across each block, and I erected a fixed depth gauge so that average depth could be
recorded from blinds during surveys without disturbing waterfowl (Hagy and Kaminski 2012b).
I surveyed dabbling ducks weekly in each disked and control plot from concealed, elevated
blinds between sunrise and 5 hours thereafter (Wirwa 2009). I surveyed plots along predetermined routes, and I rotated routes weekly among field personnel to avoid observer bias.
If I saw birds flush from a plot while en route or upon entering a blind, I censored the
survey and returned another morning. Otherwise, I waited up to 5 minutes upon entering a blind
to begin each survey so as to allow waterfowl to resume normal activities in the event a slight
disturbance occurred. I recorded average water depth and obtained an ocular estimate of percent
horizontal emergent vegetation cover (nearest 5%) within each plot. I conducted a single scan of
each plot with 10 × 42 binoculars and used a digital voice recorder to simultaneously enumerate,
identify, and record distances and instantaneous activities of dabbling ducks within plot
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boundaries (Altmann 1974, Hagy and Kaminski 2012b). I used the estimated distance to plot
boundary markers with a Bushnell® Scout™ 1000 Arc™ rangefinder (Bushnell Outdoor
Products, Overland Park, Kansas City, MO) to record bird distances to the nearest 10 m (Smith
et al. 1995, Bolduc and Afton 2004). Activities included foraging (surface feeding, tipping up),
resting (sleeping, loafing, or inactivity), locomotion (walking or swimming), aggression
(chasing, biting, fighting), courtship (displaying, copulation), alert (inactive with head erect), and
maintenance (preening, bathing, stretching; Paulus 1984, Morton et al. 1989). I did not include
birds in flight during surveys (Buckland et al. 2001). If waterfowl were slightly disturbed but did
not abandon or significantly redistribute within a plot, I stopped and waited at least 5 minutes
until birds resumed normal behavior. I then repeated the scan and noted the disturbance. If
waterfowl were significantly disturbed or abandoned a plot within a block, I censored the survey
for that block and returned another morning. I did not sample waterfowl in dense fog or if winds
exceeded 30 kph (Hagy and Kaminski 2012b).

Statistical Approaches
Robust emergent vegetation may have influenced detectability of waterfowl in control plots
(Smith et al. 1995); thus, I used multiple covariates distance sampling (MCDS; Buckland et al.
2001, Marques et al. 2007) in Distance 6.0 (Thomas et al. 2009) to account for this potential bias
in control plots, and I used weekly emergent vegetation cover as a covariate. I assumed 100%
detectability in treatment plots because vegetation did not obstruct view and observers could
count birds from survey blinds (Hagy and Kaminski 2012b). Thus, I did not use Distance to
adjust dabbling duck densities in disked plots.
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For MCDS analyses, I estimated a global detection function and average detection
probability pooled across control plots and moist-soil sites from a concurrent study (Chapter II)
among years and by refuge, and I used percent vegetation cover as a categorical covariate; I used
other moist-soil sites because sample sizes were very small in control plots. I applied the
detection function and detection probability from the global model to estimate weekly species
densities in control plots, thus incorporating weekly emergent cover estimates for each survey
(Thomas et al. 2009). To account for irregular areas of control plots, I estimated monthly
flooded plot areas (ha) by digitizing polygons using USFWS Lidar imagery, refuge water gauge
data, and aerial imagery in ArcGIS 10.1® (Environmental Systems Research Institute, Inc.,
Redlands, CA). Afterwards, I used the estimated areas as a “sampling fraction” (Thomas et al.
2009) to adjust weekly density estimates in Distance analyses (Buckland et al. 2004).

Food Density and Energetic Carrying Capacity
I systematically collected five food samples along a diagonal transect in each disked and control
plot with a standard core sampler (10 cm diameter, 10 cm depth; Figure 3.2; Manley 2004, Kross
et al. 2008, Hagy et al. 2011, Stafford et al. 2011). I began sampling foods in each plot before
the arrival of waterfowl, and I repeated this process at the end of each month after flooding until
the end of each field season (late February). I washed samples in the field with a 500-µm sieve
bucket (Wildco, Inc., Buffalo, NY) to remove excess soil and reduce sample volume. Four
blocks became deeply flooded (>45 cm) in late February 2013, and I used a 25 cm × 45 cm
modified Gerking box sampler to collect plant and invertebrate foods via watercraft (Figure 3.2;
Sychra and Adamek 2010). I placed the device 45 cm into the water column, clipped vegetation
inside the sampler with a trap door, and removed all plant and invertebrate materials. I
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systematically collected five box samples across each plot similar to core sampling. I assumed
core and box samples produced comparable estimates of food availability because both sampled
a standard area of water and benthic material assumed to be accessible by dabbling ducks. I
placed each core and box sample in polyethylene bags with 70% ethyl alcohol and stored them at
-10º C until ready for processing (Salonen and Sarvala 1985).
I thawed food samples in the lab and dyed them with 1% rose Bengal solution to locate
macroinvertebrates (Manley et al. 2004). I washed each set of five samples through a series of
graduated sieves (#4 [4.75 mm], #14 [1.40 mm], and #50 [300 μm]), and removed with forceps
all aquatic macroinvertebrates and SAV consumed by dabbling ducks (Eldridge 1988,
Baldassarre and Bolen 2006). I then placed the remaining sample contents to air-dry for 24–48
hours or until completely dried. I identified and enumerated macroinvertebrates by order, dried
them for 24 hours at 60º C and weighed them to the nearest 0.1 mg immediately afterwards
(Murkin et al. 1994). I dried and weighed SAV using the same methods as macroinvertebrates. I
used biomass rather than abundance of invertebrates because the former more accurately
represents dietary importance for waterfowl (Gray et al. 1999).
After the contents of the #4 and #14 sieve were completely dried, I extracted all seeds
and tubers consumed by waterfowl (Table 3.2; Hagy and Kaminski 2012a). I identified seeds
and tubers to genus, dried them at 60º C for 24 hours, and immediately weighed them to the
nearest 0.1 mg (Gray et al. 1999). I was unable to recover seeds from #50 sieve contents
(hereafter small sieve) in all plots due to time and resource constraints. To account for seed mass
in the small sieve, I selected a representative set of five small sieve portions from a single
treatment and its adjacent control plot from the first month of sampling in each refuge and year.
I sorted all food seeds from a 25% mass portion of the combined set of five small sieve contents,
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and I dried and weighed seeds using the same protocols as the #4 and #14 sieves (Hagy et al.
2011, Stafford et al. 2011). I multiplied seed biomasses from 25% portions by 4 and compared
the taxa-pooled estimates to the corresponding mass of the #4 and #14 sieve contents to establish
a constant correction factor among plots by refuge and year. I applied size- and taxon-specific
correction factors to seed biomass estimates in all sieves to account for recovery bias (Hagy et al.
2011). I converted biomass densities (kg[dry]/ha) to Duck Energy Days (DED/ha; Reinecke et
al. 1989, Gray et al. 2013) using the following equation:
𝐷𝐸𝐷/ℎ𝑎 =

∑(𝑚𝑎𝑠𝑠1…j ∙ [1,000 ∙ 𝑇𝑀𝐸1…𝑗 ])
𝐷𝐸𝑅

Where mass is the density (kg/ha) of the jth food item or taxon, TME is the true metabolizable
energy (TME; kcal/g) of the item or taxon, and DER is the mean daily energetic requirement
among dabbling duck species that commonly occur in moist-soil wetlands of the MAV
(294.35 kcal/bird/day; Gray et al. 2013). I used published, taxon-specific estimates of TME
whenever possible, but if no specific TME value was available, I inferred TME using published
values of similar plant species (Table 3.2). Ultimately, I estimated DEDs of seeds, tubers, SAV,
invertebrates, and seeds of combined Echinochloa species (hereafter millets) for use in analyses.

Statistical Analyses
Vegetation Response, Waterfowl Use and Activities
I used separate analyses of variance (ANOVA) to test for treatment effects on average vegetation
height and percent cover of food vegetation (PROC MIXED; SAS Institute, Cary, NC;
Coulloudon et al. 1999, Littell et al. 2006). I designated percent cover or vegetation height as the
response variable, treatment as a fixed effect, and block nested within each combination of study
and year as a random effect. I did not analyze percent total vegetation cover. Densities of
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dabbling ducks other than mallards were very small, so I pooled dabbling duck densities across
species prior to analyses. Blocks flooded asynchronously across refuges and years, and I
selected data from the first 7 weeks of surveying in each plot, the first week representing the time
when each plot was flooded. Due to an overabundance of zeros in weekly density estimates, I
averaged densities across weekly surveys to obtain a single estimate for plots in each refuge and
year. I used mixed model ANOVA to test for a treatment effect on dabbling duck densities
(PROC MIXED). I designated dabbling duck density as the response variable, treatment as a
fixed effect, and block nested within each combination of study area and year as a random effect.
I used Spearman rank correlation to measure the association of weekly dabbling duck
densities with weekly water depth estimates during the first 7 weeks after flooding (McKinney et
al. 2006). I used USFWS Lidar and aerial imagery in ArcGIS 10.1 along with refuge gauge
readings and other waterfowl survey recordings to interpolate missing water depth values where
feasible. For instantaneous activities of dabbling ducks, I summed counts across all weekly
surveys by treatment type and activity, and I performed a chi-square test of homogeneity to test
for a difference in the percent occurrence of each activity in disked and control plots (PROC
FREQ; Zar 1999). Due to low occurrence of courtship, aggression, alertness, and maintenance
(8% of total observations), I excluded these activities from total counts and final analyses.

Food Density and Energetic Carrying Capacity
I analyzed food data from the first month of sampling in each plot to test for an effect of
treatment on DEDs of total foods and seeds of millets before waterfowl use began in blocks. I
also separately analyzed data from food samples collected in the first three months of sampling
in each plot to test for an effect after waterfowl began to use blocks. I used mixed model
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ANOVA to test for treatment effects (PROC MIXED). For analyses of DEDs in the first month
of sampling, I designated DED/ha as the response variable, treatment as a fixed effect, and block
nested within each combination of study area and year as a random effect. I excluded one block
from TNWR in 2012 because of asynchronous flooding between plots. For analyses of DEDs
from the first three months of sampling, I designated monthly DED/ha as the response variable,
treatment as a fixed effect, block nested within each combination of study area and year as a
random effect, and sampling month as a repeated effect. I excluded one block from CCNWR in
2011 because only the first month’s food samples were available.
Prior to all ANOVA tests, I generated boxplots and histograms and estimated variances
of response variables to ensure assumptions of ANOVA were met (Quinn and Keough 2002,
Zuur et al. 2010). I transformed dabbling duck densities via natural logarithm and monthly
DEDs via natural logarithm or square root to equalize variances among effect levels (Quinn and
Keough 2002, Zuur et al. 2010). I chose a significance level prior to analyses, and I selected a
significance level of α = 0.10 due to small sample sizes (Gammonley 1995). I estimated degrees
of freedom via Kenward-Rogers and selected an appropriate covariance structure based on the
lowest AIC score (Littell et al. 2006). When the overall ANOVA was significant (P < 0.10), I
evaluated differences of least squares means among treatments using Tukey-Kramer post hoc
tests with a significance level of α = 0.10 (Littell et al. 2006, Hagy and Kaminski 2012b), and I
used the PDMIX800 SAS macro to group least squares means according to Tukey test results
(Saxton 1998).
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RESULTS
Vegetation Response, Waterfowl Use and Activities
Percent cover of foods differed between disked and control plots (F1, 8 = 27.07, P = 0.001) and
average vegetation height differed between disked and control plots (F1, 14 = 31.23, P < 0.001).
Percent cover of foods was 1.8 times greater in control plots (t8 = 5.20, P = 0.001, Figure 2.1)
and vegetation was, on average, 35.5 cm taller in control plots (t14 = 5.19, P = < 0.001, Figure
2.2). Average detection probabilities of dabbling ducks in control plots (from models pooled
with other moist-soil sites [Chapter II]) were 54% (SE = 0.4%) across years at TNWR and 69%
(SE = 0.6%) at CCNWR in 2011 (Table 2.1). Dabbling duck densities did not differ between
disked and control plots (F1, 8 = 2.28, P = 0.169, Figure 2.3). Dabbling duck densities were
negatively correlated with increasing water depth in disked (rs = -0.419, P = 0.002, n = 44) and
control plots (rs = -0.568, P < 0.001, n = 44).
Percent occurrence of foraging, locomotion, and resting among dabbling ducks differed
between treatment types (χ22 = 109.54, P < 0.001, Figure 2.4). Foraging occurred in 72% of
dabbling ducks observed in disked plots and in 57% observed in control plots, and locomotion
occurred in 19%–25% of dabbling ducks observed among treatment types (Figure 2.4). Resting
occurred in 18% of dabbling ducks observed in control plots and in 9% observed in treatment
plots. I observed 55 black ducks and their instantaneous activities in experimental blocks during
my study (n = 13 surveys), 95% occurred in blocks at TNWR. Approximately 65% of black
ducks observed at TNWR and CCNWR occurred in disked plots (n = 36), and 85% were
foraging (n = 30). Of the black ducks observed in control plots (n = 20), 10% were foraging.
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Food Density and Energetic Carrying Capacity
Combined DEDs of seeds, tubers, SAV, and invertebrates (total foods) did not differ between
disked and control plots in the first month of sampling (F1, 7 = 0.08, P = 0.791; Table 2.2) or
across the first three months of sampling (F1, 27.6 = 0.02, P = 0.880; Table 2.2). In the first month
of sampling, DEDs of seeds of millets were 3.8 times greater in disked than control plots in the
first month of sampling (t8 = 1.99, P = 0.082; Table 2.2) and were four times greater in disked
than control plots across the first three months of sampling (t26.5 = 2.49, P = 0.020; Table 2.2).
In the first month of sampling (n = 8 blocks), disked plots contained 186–2,746 kg/ha of total
foods (1,637–16,145 DED/ha), and control plots contained 287–4,106 kg/ha (1,390–25,490
DED/ha). Disked plots contained 7–1,663 kg/ha (65–14,805 DED/ha) of seeds of millets in the
first month of sampling, and control plots contained 1–339 kg/ha of seeds of millets (9–3,020
DED/ha). Seeds of millets comprised 0.3%–92% of total food biomass density (kg/ha) in disked
plots (𝑥̅ = 43%, SE = 13%) and 0.1%–51% in control plots (𝑥̅ = 18%, SE = 7%) in the first
month of sampling. Invertebrates comprised 0%–18% of total food biomass density in disked
plots (𝑥̅ = 3%, SE = 2%) and 0–11% in control plots (𝑥̅ = 2%, SE = 1%) in the first month of
sampling.

DISCUSSION
Dabbling duck densities and total food DEDs did not differ between disked and control plots
during my study, which is contrary to other findings (Hagy and Kaminski 2012b). Plot use by
waterfowl in my study would not have been restricted entirely to the arbitrary boundaries I
placed to delineate blocks, and control plots were merely a subsection of the vegetation
surrounding each block. Thus, ducks were not restricted to using either a disked plot or a control
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plot. Disking and millet planting created an open area surrounded by edge that included control
plots, and vegetation edge is attractive to many waterfowl species (Kaminski and Prince 1981,
Smith et al. 2004). While dabbling duck use of disked and control plots did not differ, the
greater occurrence of foraging observed in disked plots (72%) suggests that functional use of
treatment types varied. Spearman rank correlations indicated that dabbling duck densities were
lower in areas with greater flooding depths, which is consistent with results from studies in
wetland habitats in California (Colwell and Taft 2000), the Mississippi Alluvial Valley (MAV;
Hagy and Kaminski 2012b), and in other habitat types at TNWR and CCNWR (Chapter II).
Dabbling duck densities were strongly correlated with water depth in each treatment type, and
this may have occurred in control plots perhaps because increased flooding created hemi-marsh
conditions attractive to waterfowl (Kaminski and Prince 1981, Smith et al. 2004, Webb et al.
2010).
My overall estimate of seed and tuber biomass in disked plots is nearly 2 times greater
(986.5 kg/ha) than was reported in lightly disked (1-way treatment) but un-planted moist-soil
wetlands in the MAV (509.8 kg/ha; Hagy and Kaminski 2012b), and my estimate was similar to
that reported by Naylor (2002) in heavily disked but un-planted areas in the Central Valley of
California (804.3 kg/ha). My estimates of total food density in disked and control plots are
greater than those reported for moist-soil wetlands reported in many other studies (Gray et al.
1999, Kross et al. 2008, Stafford et al. 2011). However, I also observed considerable variation
among my plots, which is consistent with existing literature (Kross et al. 2008, Hagy et al. 2011,
Straub et al. 2012, Hagy et al. 2014). Furthermore, food densities in disked and control plots in
my study were greater than those estimated in other moist-soil areas at TNWR and CCNWR
during a concurrent study (634 kg/ha, 5,623 DED/ha; Chapter II). Thus, interpretations
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regarding food density may not be feasible because they are confounded by differences across
regions and among local wetlands.
Although total food DEDs did not differ between disked and control plots during my
study, seeds of millets comprised a larger proportion of total food density in disked plots (43%)
compared to control plots (18%), and DEDs of seeds of millets were greater in disked than
control plots. While disking is commonly used to improve food abundance for waterfowl, it may
greatly reduce food availability initially, as shown by Baldassarre and Bolen (1984) for waste
corn in disked fields in Texas and by Gray et al. (1999) for invertebrates in disked moist-soil
wetlands in the MAV. In my study, disked plots were treated prior to seed fall. Thus, I
speculate that disking of moist-soil wetlands in my study may have reduced total food density
and that planting of millet provided a supplement that made disked plot DEDs nearly equal to
those in controls, although the quality and composition of foods between plots clearly differed.
Percent cover of foods was greater in control than disked plots in my study. However,
disking and millet planting reduced average vegetation height. Responses in food cover between
treatment types were likely driven by climate and water conditions during summer (Laubhan et
al. 2005, Mitsch and Gosselink 2007). Refuge personnel de-watered impoundments at TNWR
and CCNWR beginning in March and ending in July, depending on management objectives
among units. In 2011, dry conditions prevailed after disking and planting (July), which
discouraged desirable moist-soil plants and favored more drought-tolerant species, namely
teaweed (Sida spinosa), cocklebur, and morningglories (Ipomoea spp.; Fredrickson and Taylor
1982, Strader and Stinson 2005, Schummer et al. 2012). In 2012, dry conditions still occurred,
but abundant late-summer precipitation encouraged stands of planted millet and other desirable
plants, such as flatsedges (Cyperus spp.), after disking.
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Moist-soil wetlands are frequently used by non-breeding black ducks in western
Tennessee (Chipley 1995, Clark 1996, Newcomb 2014, J. M. Osborn, University of Tennessee,
unpublished data), but disking and millet planting of moist-soil wetlands did not apparently
benefit black ducks during my study. However, although my sample size was small (n = 55),
more black ducks were observed in disked than control plots, and more black ducks were
observed foraging in disked plots. Byrd (1991) and White et al. (1993) reported that wild
millets, primarily barnyardgrass (Echinochloa crus-galli), commonly occurred in upper
gastrointestinal samples of non-breeding black ducks collected in western Tennessee, but seeds
of barnyardgrass comprised only a small proportion of overall plant food mass in samples.
Rather, both studies reported that black ducks fed more on smartweeds (Polygonum spp.) and
spikerushes (Eleocharis spp.) as well as foliage and stems from aquatic plants, and barnyardgrass
seeds were more common in samples collected from mallards (Anas platyrhynchos). Based on
results from Byrd (1991) and White et al. (1993), black ducks may not be attracted to planted
millet because they are more prone to consume other foods at TNWR and CCNWR.
Chipley (1995) suggested that non-breeding female black ducks may be reluctant to leave
familiar areas where they occur in western Tennessee, but also that individuals in poorer body
condition disperse over larger areas searching for foraging patches when compared to birds in
better body condition. Black ducks commonly occur in distinct locations at TNWR and
CCNWR (R. Wheat, USFWS, personal communication), although the exact reasons are
unknown. Birds observed in disked plots could have occurred and foraged opportunistically,
perhaps due to competition for higher-quality areas used by large concentrations of black ducks,
but I did not test this hypothesis. A large proportion of black ducks observed in experimental
blocks occurred during a single survey in January 2012 in a newly flooded disked plot that was
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near an area of high black ducks use at TNWR (Pool One). Black ducks may have occurred and
foraged in the disked plot because it was in a location they were already using, and the abundant
millet seeds would have been a readily available food source that required little effort to obtain.
Black ducks in western Tennessee commonly occur in wetland habitats that have an open
water component with an interspersion of emergent vegetation cover (Clark 1996). My disked
plots usually had very low cover and were more open once vegetation toppled post-flooding,
whereas control plots had very tall and dense cover that did not topple after flooding. Moist-soil
wetlands commonly used by black ducks at TNWR and CCNWR (J. M. Osborn, unpublished
data) appeared to be much more open than control plots from my study (M. D. McClanahan,
University of Tennessee, personal observation). Mallards were the most abundant species
observed in disked plots during my study, and black ducks have been reported apparently
avoiding areas used by mallards in parts of their breeding range (Petrie et al. 2012), but such a
pattern is unlikely in western Tennessee during the non-breeding season because habitat use of
the two species frequently co-occurred, especially in moist-soil wetlands (Chapter II). Even so,
the lack of substantial diurnal use of disked or control plots by black ducks is unclear.

RESEARCH AND MANAGEMENT IMPLICATIONS
Moist-soil disking and millet planting is a common practice in the United States, but my results
indicate that it did not substantially improve food cover, food production, or use by non-breeding
black ducks or other dabbling ducks in western Tennessee when compared to un-manipulated
areas. However, a greater occurrence of foraging among dabbling ducks in disked than control
plots suggests that some benefit may have occurred to ducks that used these areas. Future work
should investigate and compare diurnal and nocturnal use and activities of dabbling ducks to gain
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a more complete understanding of management responses during the non-breeding season (Jorde
and Owen 1988b). Managed moist-soil wetlands should be shallowly flooded to accommodate
dabbling ducks during the non-breeding season. The reasons why black ducks did not use disked
plots are unclear, and future work should seek to estimate black duck responses to other common
wetland manipulation practices such as mowing and tilling. Research is currently investigating
microhabitat characteristics (i.e., food density) of habitats used by non-breeding black ducks in
western Tennessee (J. M. Osborn, unpublished data), and future work should incorporate a
similar approach to identify wetland characteristics, specifically those relating to plant cover
(Clark 1996), that may enhance or diminish suitability for black ducks in managed moist-soil
wetlands. Such investigations will give additional information to managers and NAWMP
conservation planners relative to wetland management strategies that potentially limit or
facilitate use of moist-soil wetlands by non-breeding black ducks and other dabbling ducks in the
Mississippi Flyway.
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Table 2.1. Global parameter estimates from models used in Distance 6.0 (Thomas et al. 2009) to
estimate weekly dabbling duck densities in 0.5-ha un-manipulated plots (control) during winters
2011-2013 at the Duck River Unit of Tennessee National Wildlife Refuge and winter 2011-2012
at Cross Creeks National Wildlife Refuge, Tennessee, USA.

Study Area
TNWR
CCNWR

a

Treatmenta
Control
Control

Parmsb
5
4

g(y)c
0.544
0.693

SE
0.004
0.006

% CV
0.66
0.91

LCL
0.537
0.681

UCL
0.551
0.706

In order to increase sample sizes, Distance models used a single data set that also included
weekly surveys from other moist-soil areas used in a concurrent study (Chapter II).
Global model parameters were applied to weekly surveys in control plots.

b

c

Number of model terms, including those for model adjustment and covariate levels.

Average probability of detecting an individual given its distance from the observer.
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Table 2.2. Biomass densities (kg[dry]/ha) and comparisonsa of Duck Energy Days (DED/ha) of waterfowl food taxa, including seeds
of combined Echinochloa species (millets), during the first month of sampling prior to the arrival of waterfowl, and over the first three
months of sampling, in 0.5-ha plots disked and subsequently planted with Japanese millet (Echinochloa frumentacea), and adjacent
un-manipulated plots (control) during winters 2011–2013 at the Duck River Unit of Tennessee National Wildlife Refuge and winter
2011–2012 at Cross Creeks National Wildlife Refuge, Tennessee, USA.
kg/ha
Disk

Control
𝑥̅

Disk

Control

Taxa
SE
𝑥̅
Seeds and tubers
986.5 303.7
Invertebrates
5.7
4.1
b
Total
992.7 301.7
Echinochloa seeds 359.9 194.6

SE
953.1 456.0
10.4
5.3
974.9 452.7
96.0 41.6

SE
6,459.3 1,784.9
6.6
4.2
6,469.1 A 1,782.2
3,203.6 A 1,732.0

SE
6,723.8 2,767.7
19.6
10.3
6,811.8 A 2,747.4
854.1 B
370.4

First 3 months 18 Seeds and tubers
478.4 104.4
Invertebrates
5.1
2.2
b
Total
483.7 103.9
Echinochloa seeds 202.1 90.6

639.1 224.9
5.5
2.5
650.1 224.3
49.0 20.7

3,320.5
6.9
3,328.9 A
1,799.1 A

4,147.9 1,406.0
10.0
4.8
4,190.7 A 1,402.1
436.3 B
184.1

Period
First month

a

n
8

DED/ha
𝑥̅

840.4
2.7
839.8
806.7

𝑥̅

Only DEDs were used in analyses. Means within rows but with different capital letters are significantly different (P < 0.10) based on
Tukey-Kramer post hoc comparisons of least squares means. Means without letters were excluded from analyses.

b

Total foods include seeds, tubers, submerged aquatic vegetation, and macroinvertebrates commonly consumed by waterfowl.
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60%

50%
40%

52%

49%

B
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29%
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Disk

Control
Foods

Disk

Control
Total

Figure 2.1. Post-treatment estimates (September) of percent horizontal cover of vegetation
beneficial to waterfowl (foods a) and total vegetation cover in 0.5-ha plots disked and
subsequently planted with Japanese millet (Echinochloa frumentacea), and adjacent unmanipulated plots (control), during 2011–2012 at the Duck River Unit of Tennessee National
Wildlife Refuge and in 2011 at Cross Creeks National Wildlife Refuge, Tennessee, USA.
a

Columns with different capital letters are significantly different (P < 0.10) based on TukeyKramer post hoc comparisons of least squares means. Total vegetation cover was
excluded from analyses.
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80

A

Average vegetation height (cm)

70

60

61.6

50
40

B

30
20

26.1

10
0
Disk

Control

Figure 2.2. Average vegetation height (cm) and comparisons a estimated in 0.5-ha plots disked
and subsequently planted with Japanese millet (Echinochloa frumentacea), and adjacent unmanipulated plots (control) in September of 2011–2012 at the Duck River Unit of Tennessee
National Wildlife Refuge and September 2011 at Cross Creeks National Wildlife Refuge,
Tennessee, USA.
a

Columns with different capital letters are significantly different (P < 0.10) based on TukeyKramer post hoc comparisons of least squares means.

116

P = 0.169
250

Dabbling ducks/ha/plot

200

150

154.7

100
100.1
50

0
Disk

Control

Figure 2.3. Dabbling duck densities (birds/ha/plot) averaged across the first seven weeks of
surveys after flooding in 0.5-ha plots disked and subsequently planted with Japanese millet
(Echinochloa frumentacea), and adjacent un-manipulated plots (control) during winters 2011–
2013 at the Duck River Unit of Tennessee National Wildlife Refuge and winter 2011–2012 at
Cross Creeks National Wildlife Refuge, Tennessee, USA.
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Foraging
100%
90%
80%

Locomotion
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25%
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n=1,200

Figure 2.4. Proportional occurrence of foraging, locomotion, and resting among dabbling ducks
based on instantaneous observations in 0.5-ha plots disked and subsequently planted with
Japanese millet (Echinochloa frumentacea), and adjacent un-manipulated plots (control) during
winters 2011–2013 at the Duck River Unit of Tennessee National Wildlife Refuge and winter
2011–2012 at Cross Creeks National Wildlife Refuge, Tennessee, USA.
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CHAPTER IV: EXECUTIVE SUMMARY
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Western Tennessee is an important stopover and wintering area for waterfowl in the Mississippi
Flyway, including over 40% of the Mississippi Flyway population of American black ducks
(Anas rubripes, hereafter black ducks), a species in decline (Sanders et al. 1995, Conroy et al.
2002). However, like elsewhere in midcontinent North America, much of western Tennessee’s
historic waterfowl habitat has been lost or degraded with agricultural and urban expansion and
major river channel modifications (Johnson 2007, U.S. Fish and Wildlife Service [USFWS]
2010a). Many studies of non-breeding waterfowl in western Tennessee have focused on black
ducks (Byrd 1991, White et al. 1993, Chipley 1995, Sanders et al. 1995, Clark 1996, Newcomb
2014), but these studies did not compare use patterns of other waterfowl species other than
mallards (Anas platyrhynchos), which can co-exist and potentially compete with black ducks.
Also, moist-soil wetlands are important areas for non-breeding black ducks and other waterfowl
(Chipley 1995, Newcomb 2014, J. M. Osborn, University of Tennessee, unpublished data), but
bird and habitat responses to common moist-soil rehabilitation techniques such as disking and
subsequent planting of desirable grasses (i.e., Japanese millet [Echinochloa frumentacea],
hereafter millet) have not been evaluated previously. Such work would help refine habitat
management and conservation in non-breeding habitats of black ducks and other dabbling ducks
in the Mississippi Flyway and elsewhere in the interior United States, hence contributing to
objectives of the North American Waterfowl Management Plan (NAWMP; NAWMP 2012).
I initiated a study from November 2011 and 2012 through February 2012 and 2013 to
investigate diurnal habitat use and activities of dabbling ducks (Anatini) in sampling locations
representing six common habitat types at the Duck River Unit of Tennessee National Wildlife
Refuge (TNWR) and Cross Creeks National Wildlife Refuge (CCNWR) in western Tennessee
(Chapter II), and I related patterns of use and activities with those of black ducks which were
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being studied concurrently (Newcomb 2014, J. M. Osborn, unpublished data). I also estimated
food densities among habitat types, and I related habitat use of dabbling ducks (other than black
ducks) to emergent cover, water depth, and monthly Duck Energy Days (DED; Reinecke et al.
1989, Gray et al. 2013). Additionally, I estimated the extent of flooded habitat (hereafter
availability) among TNWR and CCNWR and attempted to observe possible patterns with habitat
use data from sampled locations. Lastly, I placed eight vehicle counter devices along major
refuge roads at TNWR in the first year of study to observe possible impacts of disturbance on
waterfowl.
In Chapter III, I conducted a separate study at TNWR and CCNWR investigating autumn
vegetation community responses, winter food densities and use and activities of non-breeding
black ducks and other dabbling ducks in nine 1-ha blocks of moist-soil vegetation that were
divided into 0.5-ha plots, one which received 2-way disking and subsequent planting of millet
(hereafter disked plot) and another which was not manipulated (hereafter control plot). I
delineated three blocks at TNWR and CCNWR in 2011, and I delineated three additional blocks
at TNWR in 2012 due to poor millet production in 2011. I did not study blocks from 2011 in
2012 at either refuge. In September of each year following disking and planting, I estimated
percent horizontal cover of vegetation beneficial to waterfowl (foods) and average vegetation
height among sampled locations within each block. I studied winter dabbling duck and food
densities during the same time frame in connection with work from Chapter II. Below I give a
brief summary of results from each study, and I provide brief management and research
implications.
In Chapter II (see Appendix A for tables and figures), habitat use of mallards (Anas
platyrhynchos), gadwalls (Anas strepera), northern pintails, (Anas acuta, hereafter pintails), and
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American green-winged teal (Anas carolinensis, hereafter green-winged teal) was greatest in
moist-soil areas (Table 1.4). Gadwalls also used deep-water zones with submerged aquatic
vegetation (SAV), and green-winged also used scrub-shrub areas. Foraging was the dominant
activity of dabbling ducks in moist-soil areas (Figures 1.1–1.5), on mudflats and in scrub-shrub
areas among green-winged teal (Figure 1.4), and in scrub-shrub areas among gadwalls (Figure
1.2). Resting was frequent among mallards in scrub-shrub areas (Figure 1.1). Black duck use
overlapped with all species in scrub-shrub, moist-soil, and on mudflats (Newcomb 2014, J. M.
Osborn, unpublished data). Large areas of open water were the least-used habitat type among
those I studied. Habitat use of mallards, gadwalls, pintails, and green-winged teal was negatively
correlated with increasing water depth and positively correlated with increasing emergent cover
and DEDs, especially among mallards (Table 1.8). Correlations with DEDs were strongest
among mallards (rs = 0.509, P < 0.001) and green-winged teal in December (rs = 0.493,
P < 0.001).
Food densities (kg[dry]/ha) of seeds, tubers, and SAV consumed by waterfowl were
greatest in moist-soil areas (634 kg/ha, 5,623 DED/ha, P < 0.05) in November and December,
but food densities declined by approx. 48% into January and became similar to other habitat
types (Tables 1.6, 1.7). Invertebrate food densities were greatest in mudflats in November (166
kg/ha, 147 DED/ha, P < 0.05), but densities declined by approx. 69% from November–January
and became similar to other habitat types (Tables 1.6, 1.7). Based on ranked availability
(flooded habitat), open water was the most available habitat among those studied at TNWR and
CCNWR (Table 1.9, excluding flooded corn), and moist-soil areas were ranked second. Ranked
abundances of dabbling ducks were highest in moist-soil areas. Gadwalls were ranked highest in
SAV areas, which were ranked the lowest in availability (Table 1.9). Across all vehicle counters
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placed at TNWR during December 2011–February 2012, a grand total of 24 disturbances per day
were detected in December 2011 (SE = 2.1; Table 1.10). Disturbances increased by nearly 113%
in January 2012 (𝑥̅ = 51.9 disturbances/day, SE = 10.4) and decreased by approximately 17% in
February 2012 (𝑥̅ = 43.2 disturbances/day, SE = 3.0; Table 1.10). Vehicle disturbances and duck
densities in nearby habitat sites (500 m; Korschgen and Dahlgren 1992) declined concomitantly
from late December to mid-January, increased from mid- to late January, and declined from early
to late February (Figure 1.6).
In Chapter III (See Appendix B for tables and figures), control plots contained 1.8 times
greater percent cover of desirable plant species (foods) than disked plots (P < 0.10), and
vegetation was approx. 36 cm taller in control plots than disked plots (P < 0.10, Figures 2.1–2.2).
Dabbling duck densities and total food DEDs (seeds, tubers, SAV, invertebrates) did not differ
between disked and control plots (P > 0.10; Figure 2.3, Table 2.2) Foraging was more frequently
observed in disked and planted plots (72% occurrence) than control plots (57% occurrence;
Figure 2.4). Duck Energy Days of seeds of millets (Echinochloa spp.) were 3.8 times greater in
disked and planted than control plots (t8 = 1.99, P = 0.082; Table 2.2). Waterfowl use was
negatively correlated with increasing water depth (rs > 0.40, P < 0.10) for each treatment type.
Black ducks largely did not use disked and planted or control plots.
Results from Chapter II suggest that moist-soil areas are frequently used by non-breeding
dabbling ducks in western Tennessee, primarily as foraging areas, but a variety of wetland types
may be necessary to accommodate life history needs of diverse dabbling duck communities
(Gray et al. 2013). Within emergent wetland types, managers should maintain shallow flooding
depths and high interspersions of emergent cover to benefit dabbling ducks, especially mallards.
Areas with abundant SAV should be maintained for gadwalls, although birds also apparently
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forage in moist-soil wetlands. Submerged vegetation declined quickly from November to
December in SAV areas (Table 1.6), most likely due to deep flooding (M. D. McClanahan,
University of Tennessee, personal observation), and I recommend that managers use partial
drawdowns in SAV areas later in winter to increase availability of foliage for foraging gadwalls
and other dabbling ducks. Mudflats should be encouraged for green-winged teal as foraging
areas and for mallards as resting areas. The scrub-shrub areas I studied represent an uncommon
habitat type, but they hosted a variety of dabbling ducks, including black ducks, and they
appeared to be foraging areas for green-winged teal and resting areas for mallards. High-energy
foods such as corn may be provided in mid- to late winter to accommodate energetic needs of
waterfowl and reduce negative impacts from rapid food depletion in moist-soil areas (Table
1.11). Future research on habitat use and activities of non-breeding dabbling ducks should
involve relationships with landscape habitat variables to identify processes that may be
influencing dabbling ducks at multiple scales (Pearse et al. 2012, Beatty et al. 2014a, b; J. R.
Marty, Mississippi State University, unpublished data), including the availability of potential
foraging habitats (Hagy et al. 2014). Such work should also estimate and incorporate differential
responses of dabbling duck species to a variety of types and frequencies of disturbance to
determine human influences on habitat use during the non-breeding season.
Results from Chapter III suggest that disking and millet planting did not substantially
improve food cover, food production, or use by non-breeding black ducks or other dabbling
ducks in western Tennessee when compared to un-manipulated areas. However, a greater
occurrence of foraging among dabbling ducks in disked than control plots suggests that some
benefit may have occurred for ducks using these areas. Managed moist-soil wetlands should be
shallowly flooded to accommodate dabbling ducks during the non-breeding season. The exact
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reasons why dabbling duck use and food densities did not differ between disked and control plots
are unclear, and future investigations should seek to estimate nocturnal activities and use of such
areas by dabbling ducks to obtain a more complete perspective of biological importance (Jorde
and Owen 1988). Other manipulation techniques such as mowing and tilling should also be
tested in comparison to disking and millet planting (Gray et al. 1999, Hagy and Kaminski 2012).
Results from concurrent studies indicate that black ducks primarily occur in scrub-shrub,
moist-soil, flooded cornfields, and mudflats in western Tennessee during winter (Newcomb
2014, J. M. Osborn, unpublished data). Habitat use of black ducks co-occurred with all dabbling
duck species I studied, especially in moist-soil areas (Chapter II), although implications for
competition are limited and require further investigation. Courtship among black ducks was
almost solely observed in scrub-shrub areas at TNWR and CCNWR (J. M. Osborn, unpublished
data). Mallards also occurred in scrub-shrub areas, and black ducks and mallards use similar
habitats for courtship (Johnsgard 1960). Given that the two species have similar pairing
chronologies (November–December; Johnsgard 1960, Weller 1965) and that un-paired female
black ducks often prefer male mallards, even when male black ducks are abundant (Brodsky and
Weatherhead 1984), scrub-shrub areas may be specific places of potential risk for interbreeding
among black ducks and mallards in western Tennessee, but evidence is needed to substantiate
this hypothesis.
Disking and millet planting in moist-soil wetlands did not appear to benefit black duck
diurnal use during my study (Chapter III), and neither did applications of pre-emergent
herbicides (i.e., imazapyr; J. M. Osborn, unpublished data), and the reasons why these patterns
occurred are unclear. Research is currently investigating microhabitat characteristics (i.e., food
density) of habitats used by non-breeding black ducks in western Tennessee (J. M. Osborn,
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unpublished data), and future work should incorporate a similar approach to identify wetland
characteristics, specifically those relating to plant cover (Clark 1996), that may enhance or
diminish suitability for black ducks in managed moist-soil wetlands. Such work will help
managers and conservation planners refine non-breeding population and habitat goals for black
ducks, which will ultimately contribute to goals of the NAWMP.
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Table 3.1. A list of of habitat sites (Chapter II) and disk-control blocks (Chapter III) studied
from 2011–2013 at the Duck River Unit of Tennessee National Wildlife Refuge (TNWR) and
Cross Creeks National Wildlife Refuge (CCNWR), Tennessee, USA.

Refuge
TNWR
TNWR

Year (Nov-Feb)
2011-2012
2011-2012

Site
Floodcorn-1
Floodcorn-2

Area (ha)a
1.53
3.33

Location
Wood Duck Pond
Honey Point

TNWR
TNWR
TNWR
TNWR

2011-2012
2011-2012
2011-2012
2011-2012

Mudflat-1
Mudflat-2
Mudflat-3
Mudflat-4

6.57
26.16
31.01
5.37

Tennessee River
Duck River
Duck River
Duck River

TNWR
TNWR
TNWR

2011-2012
2011-2012
2011-2012

Moistsoil-1
Moistsoil-2
Moistsoil-3

3.56
2.94
2.33

Pool 1
Pool 3
Pool 6 (south end)

TNWR
TNWR
TNWR
TNWR

2011-2012
2011-2012
2011-2012
2011-2012

Openwater-1
Openwater-2
Openwater-3
Openwater-4

42.54
21.93
66.79
30.51

Tennessee River
Tennessee River
Tennessee River
Tennessee River

TNWR

2011-2012

SAV-1

3.08

Pool 7

TNWR
TNWR
TNWR
TNWR

2011-2012
2011-2012
2011-2012
2011-2012

Scrubshrub-1
Scrubshrub-2
Scrubshrub-3
Scrubshrub-4

1.16
1.34
1.47
0.76

Pool 9
Pool 9
Pool 9
Duck River

TNWR
TNWR
TNWR

2012-2013
2012-2013
2012-2013

Floodcorn-1
Floodcorn-2
Floodcorn-3

1.53
3.49
4.59

Wood Duck Pond
Pool 8
Pool 4

TNWR
TNWR
TNWR
TNWR

2012-2013
2012-2013
2012-2013
2012-2013

Mudflat-1
Mudflat-2
Mudflat-3
Mudflat-4

18.98
21.56
31.01
15.69

Duck River
Duck River
Duck River
Duck River

TNWR
TNWR

2012-2013
2012-2013

Moistsoil-1
Moistsoil-2

3.56
2.15

Pool 1
Pool 3
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Table 3.1. Continued.
Refuge
TNWR

Year (Nov-Feb)
2012-2013

Site
Moistsoil-3

Area (ha)a
2.01

TNWR
TNWR
TNWR
TNWR

2012-2013
2012-2013
2012-2013
2012-2013

Openwater-1
Openwater-2
Openwater-3
Openwater-4

73.87
53.14
46.42
67.73

Tennessee River
Tennessee River
Pool 1 (pump station)
Tennessee River

TNWR
TNWR
TNWR

2012-2013
2012-2013
2012-2013

SAV-1
SAV-2
SAV-3

3.08
1.82
4.21

Pool 7
Pool 7
Tennessee River

TNWR
TNWR
TNWR
TNWR

2012-2013
2012-2013
2012-2013
2012-2013

Scrubshrub-1
Scrubshrub-2
Scrubshrub-3
Scrubshrub-4

0.93
1.28
1.01
0.72

Pool 9
Pool 9
Duck River
Duck River

CCNWR
CCNWR

2011-2012
2011-2012

Floodcorn-1
Floodcorn-2

2.55
1.60

Pool 3
Pool 4A

CCNWR
CCNWR
CCNWR

2011-2012
2011-2012
2011-2012

Mudflat-1
Mudflat-2
Mudflat-3

1.51
3.37
3.37

Long Creek
Cub Creek Cove
Lee Creek

CCNWR
CCNWR
CCNWR
CCNWR

2011-2012
2011-2012
2011-2012
2011-2012

Moistsoil-1
Moistsoil-2
Moistsoil-3
Moistsoil-4

2.35
2.35
2.24
1.77

Pool 3
Pool 4A
Pool 4A
Pool 7

CCNWR
CCNWR
CCNWR
CCNWR

2011-2012
2011-2012
2011-2012
2011-2012

Openwater-1
Openwater-2
Openwater-3
Openwater-4

20.42
5.36
35.70
3.97

Lee Creek
Cub Creek Cove
North Cross Creek
Pool 12

CCNWR
CCNWR
CCNWR
CCNWR

2011-2012
2011-2012
2011-2012
2011-2012

SAV-1
SAV-2
SAV-3
SAV-4

4.05
3.51
2.93
3.94

Pool 4B
Pool 4B
Pool 4B
Pool 12

CCNWR
CCNWR
CCNWR

2011-2012
2011-2012
2011-2012

Scrubshrub-1
Scrubshrub-2
Scrubshrub-3

0.87
0.87
2.77

Pool 7
Elk Reservoir
South Cross Creek
Reservoir

133

Location
Pool 6 (south end)

Table 3.1. Continued.
Refuge
CCNWR

Year (Nov-Feb)
2011-2012

Site
Scrubshrub-4

Area (ha)a
1.63

Location
Outside Pool 14

CCNWR
CCNWR
CCNWR
CCNWR

2012-2013
2012-2013
2012-2013
2012-2013

Mudflat-1
Mudflat-2
Mudflat-3
Mudflat-4

1.60
4.79
5.39
4.16

Long Creek
Cub Creek Cove
Dunbar Branch
Lee Creek

CCNWR
CCNWR

2012-2013
2012-2013

Moistsoil-1
Moistsoil-2

0.83
0.99

Pool 12
Pool 12

CCNWR
CCNWR
CCNWR
CCNWR

2012-2013
2012-2013
2012-2013
2012-2013

Openwater-1
Openwater-2
Openwater-3
Openwater-4

7.08
6.85
35.70
3.97

Lee Creek
Cub Creek Cove
North Cross Creek
Pool 12

CCNWR
CCNWR
CCNWR
CCNWR

2012-2013
2012-2013
2012-2013
2012-2013

SAV-1
SAV-2
SAV-3
SAV-4

4.05
3.51
2.93
4.83

Pool 4B
Pool 4B
Pool 4B
South Cross Creek
Reservoir

CCNWR
CCNWR
CCNWR

2012-2013
2012-2013
2012-2013

Scrubshrub-1
Scrubshrub-2
Scrubshrub-3

0.87
0.51
2.77

CCNWR

2011-2012

Scrubshrub-4

1.63

Pool 7
Outside Pool 14
South Cross Creek
Reservoir
Outside Pool 14

TNWR
TNWR
TNWR

2011-2012
2011-2012
2011-2012

Disk/Control-1
Disk/Control-1
Disk/Control-1

1.00
1.00
1.00

Pool 1
Pool 2
Pool 3

TNWR
TNWR
TNWR

2011-2012
2011-2012
2011-2012

Disk/Control-1
Disk/Control-1
Disk/Control-1

1.00
1.00
1.00

Pool 5 (Pintail Point)
Pool 2
Pool 7

TNWR
TNWR
TNWR

2011-2012
2011-2012
2011-2012

Disk/Control-1
Disk/Control-1
Disk/Control-1

1.00
1.00
1.00

Pool 4A
Pool 4A
Pool 7

a

Maximum flooded area available during the given study year. Includes exposed and shallowlyflooded mudflats (<45 cm).
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Table 3.2. Seeds, tubers, submerged aquatic vegetation (SAV), and aquatic macroinvertebrates
removed from food samples and apparently consumed by waterfowl in habitat sites (Chapter II)
and disk-control blocks (Chapter III) at the Duck River Unit of Tennessee National Wildlife
Refuge and Cross Creeks National Wildlife Refuge, Tennessee, during winters 2011–2012, their
true metabolizable energy values (TME; kcal/g), and references.

TME Sourcea

Taxa and Scientific Names
Seeds, Tubers, and SAV
Amaranthaceae
Amaranthus spp.

2.97

Checkett et al. 2002

Asteraceae
Bidens spp.

0.55

Sherfy 1999

Boraginaceae
Heliotropium indicum

2.39

Kaminski et al. 2003

1.24

Brasher et al. 2007, Straub 2008

1.36
4.03
1.69
0.16
1.86
0.93

Straub 2008
Petrie et al. 1998
Sherfy 1999, Ballard et al. 2004
Sherfy 1999, Dugger et al. 2007
Checkett et al. 2002
Sherfy 1999, Ballard et al. 2004,
Dugger et al. 2007

2.65

Reinecke et al. 1989

2.75

Kaminski et al. 2003

0.61

Straub 2008

1.21

Sherfy 1999

Ceratophyllaceae
Ceratophyllum demersum (foliage)
Cyperaceae
Carex spp.
Cyperus esculentus (tubers)
Cyperus spp. (seeds)
Eleocharis spp.
Rhynchospora spp.
Scirpus spp.
Fabaceae
Glycine max
Fagaceae
Quercus spp.
Haloragaceae
Myriophyllum spicatum (foliage)
Juncaceae
Juncus spp.
Lemnaceae
Lemna spp.
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0.90b Muztar et al. 1978

Table 3.2. Continued.
TME

Sourcea

2.39
2.19

Kaminski et al. 2003
Straub 2008

1.77

TME of Vallisneria americana
(Straub 2008)

Dicanthelium spp.
Digitaria spp.
Echinochloa spp.

2.45
3.10
2.62

Eragrostis hypnoides
Leersia oryzoides
Leptochloa spp.
Panicum spp.
Paspalum spp.
Setaria spp.
Sorghum halepense
Urochloa platyphylla
Zea mays
Zizaniopsis miliacea

2.39
2.91
2.64
2.45
1.57
2.88
2.73
2.73
3.67
2.91

Sherfy 1999, Checkett et al. 2002
Checkett et al. 2002
Reinecke et al. 1989, Sherfy 1999,
Sherfy et al. 2001, Checkett et al.
2002
Kaminski et al. 2003
Hoffman and Bookhout 1985
Yerkes et al. 2009
Sherfy 1999, Checkett et al. 2002
Checkett et al. 2002
Checkett et al. 2002
Straub 2008
Straub 2008
Reinecke et al. 1989
Mean TME of Leersia oryzoides
(Hoffman and Bookhout 1985)

Taxa and Scientific Names
Seeds, Tubers, and SAV
Malvaceae
Hibiscus spp.
Sida spinosa
Onagraceae
Ludwigia spp. (foliage) c
Poaceae

Polygonaceae
Polygonum spp.

Rumex crispus
Potamogetonaceae
Potamogeton spp. (seeds)
Rubiaceae
Cephalanthus occidentalis
Diodia virginiana
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1.21

Hoffman and Bookhout 1985,
Sherfy et al. 2001, Checkett et al.
2002, Ballard et al. 2004

2.68

Checkett et al. 2002

0.61

TME of Ceratohyllum demersum
foliage (Straub 2008)

0.78
2.39

Straub 2008
Kaminski et al. 2003

Table 3.2. Continued.
TME

Sourcea

0.58

Mean of published TME values
for invertebrates (Straub 2008)

Oligochaeta
Arachnida

0.64
0.58

Bivalvia

0.22

Yerkes et al. 2009
Mean of published TME values
for invertebrates (Straub 2008)
Jorde and Owen 1988, Ballard
et al. 2004

Gastropoda
Insecta
Coleoptera

0.29

Sugden 1971, Sherfy 1999

0.38

Mean TME for Insecta
(Sherfy 1999)
Sherfy 1999
Mean TME for Insecta
(Sherfy 1999)
Sherfy 1999
Mean TME for Insecta
(Sherfy 1999)
Mean TME for Insecta
(Sherfy 1999)
Mean TME for Insecta
(Sherfy 1999)

Taxa and Scientific Names
Seeds, Tubers, and SAV
Invertebrates
Annelida
Clitellata

a

Diptera
Ephemeroptera

0.27
0.38

Hemiptera
Odonata

0.48
0.38

Plecoptera

0.38

Trichoptera

0.38

Malacostraca
Amphipoda

2.33

Decapoda

0.91

Isopoda

0.08

Sugden 1971, Ballard et al.
2004
Mean of published TME
estimates for Malacostraca
(Straub 2008)
Sherfy 1999

If multiple sources are listed, TME value listed herein is the mean among sources.

b

Gross energy converted to TME assuming 22.3% digestibility (Ballard et al. 2004) of various
SAV reported by Hoffman 1983 (Brasher et al. 2007).

c

Strongly aquatic species such as L. peploides, L. palustris, and L. repens.
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Table 3.3. Names and locations of eight vehicle counter devices placed along major roads from
December 2011 through February 2012 at the Duck River Unit of Tennessee National Wildlife
Refuge, Tennessee, USA.

Location
Upper pool nine
Honey point
One-ten levee
One-two levee
Pool seven outer levee
Two-ten levee
Two-three levee
Upper bottoms

Date Launched

Time Launched

Coordinatesa

12/3/2011
12/3/2011
12/6/2011
12/6/2011
1/6/2012
12/3/2011
12/3/2011
12/3/2011

1:30 PM
1:00 PM
1:59 PM
11:57 AM
2:00 PM
3:06 PM
2:53 PM
2:32 PM

16S 0419974, 3984932
16S 0418915, 3985507
16S 0411025, 3978697
16S 0412457, 3979204
16S 0416484, 3981250
16S 0412576, 3978298
16S 0413776, 3978992
16S 0417772, 3983242

a

Coordinates are reported based on a Universal Transverse Mercator projection (UTM) using the
North American Datum of 1983 (NAD83).

138

Figure 3.1. A map showing locations of the Duck River Unit of Tennessee National Wildlife
Refuge and Cross Creeks National Wildlife Refuge, Tennessee, USA.
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Figure 3.2. Examples of a 10-cm core sampler (a), and a modified 25 cm × 45 cm Gerking box
sampler (b–c) used to collect waterfowl food samples during November 2011 and 2012 through
February 2012 and 2013 at the Duck River Unit of Tennessee National Wildlife Refuge and
Cross Creeks National Wildlife Refuge, Tennessee, USA.
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